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High-speed  switches  have  many  applications  in  the 
Whirlwind  computers.  reference  to  the  Block  Diesromo  of 

Vole.  5  and  6,  and  the  System  Drawings  of  Vol.  115,  forme  ofjwol. 
switches  will  ho  found  In  the  time-pulse  distributor  (^Iv  lv* 
the  operation-control  4?ol»  A  p>  37-)  and  the  storage 
selection.  Another  application  of  swltoh  toohnlcues  occurs  In 
the  connection  hetwesn  the  accumulator  flip- flop  n  end  the  carry 
flip-flops  »  Ihe  Project  wort;  on  switches  was 

started  by  David  R.  Brown  as  described  In  his  thesis  and  further 
developed  under  hie  direction  as\aported  in  R-1&3  by  John  A. 
O'Brien,  which  report  describes  a  32-position  switch  with  a  set-up 
time  of  0.2  microseconds. 

R.  C.  Hoses  of  Sylvnnia  has  conetructsc.  a  satisfactory 
0-ohannel  tlme-pulso  distributor  based  on  this  switch  work  but  a 
report  Is  not  yet  available. 


I 

L 


Page 


REFERENCE  INDEX 
U  beries  Memorandums 


HjJ  .> 

VOL, 

REF, 

11-32 

8 

14  95 

M-46 

9 

1496 

1456 

9 

1499 

14-58 

15 

M~100 

U-61 

8 

M-101 

1462 

4 

14-103 

14-63 

4 

14105 

M-64 

4 

14-106 

14-65 

14 

14-107 

14-66 

4 

14109 

14-68 

15 

14-110 

14-69 

4 

11-111 

11-71 

8 

11-112 

M-72 

16 

14113 

M™74 

14 

14114 

14-76 

4 

14-116 

1477 

15 

M-117 

14-78 

8 

14118 

14-80 

16 

14-119 

14-81 

16 

14-121 

1482 

16 

M-123 

M— 83 

16 

14-124 

M-85 

11 

11-127 

1489 

U 

14128 

14-91 

15 

U-129 

14-92 

15 

14-130 

M-94 

8 

14131 
14-13  2 

VOL, 

Rbl., 

VOL, 

8 

14-133 

18 

9 

14-134 

7 

15 

14-135 

7 

8 

14136 

7 

11 

14-137 

7 

16 

14-138 

15 

19 

14—140 

4 

11 

14-141 

7 

19 

14142 

8 

16 

14143 

9 

15 

14-144 

10 

7 

14145 

n 

9 

14-146 

12 

7 

1414? 

13 

19 

14-148 

14 

16 

14149 

15 

7 

11-15  0 

16 

16 

14-151 

17 

16 

11-152 

18 

9 

M-153 

19 

7 

14-154 

20 

8 

14155 

21 

7 

14-156 

22 

16 

14-157 

11 

7 

M-158 

7 

9 

M-159 

9 

16 

‘  14160 

8 

16 

14-161 

7 

HEOTRENCE  ikdex 
B  Series  Memorandum* 
0  Series  Memoranda* 


2 


Rar.  vol, 

35-7  14 

B-34  7 

&-3L  10 

3-33  10 

B-,33  19 

1-37  15 

£-38  19 

1—39  15 

E~41  IS 

1-43  15 

1-44  19 

R-45  19 

1-47  16 

IMA  19 

1-49  19 

E-50  16 


RnJ  •  VOL  > 

3-62  19 

1*53  13 

36-54  19 

1-55  19 

1-56  15 

36-57  15 

36-56  19 

1*59  19 

36-60  19 

1*61  16 

£-63  19 

3S-64  15 

£-66  13 

35-69  15 

35-71  19 

£-73  16 


3 


HEFEH&tfCE  IHDJiX 
E  Tories  Hanorandwne 


a  VOL-  Mb 

JW-36  M  R'Uf> 

H,  40  14 

K-  C3  14  a  11 7 

tl-64  3  R“l}w 

a  ,  ay  19  R 

a-  w  «  a'  121 

11*94  14  E*.123 

11*98  14  R>  1;-  ‘ 

it,  IOC  14'  &124 

a,  10  3  1.4  <V2.i3& 

ft.  iO-v  1C  R  126 

a- 106  lb  ^12? 

aioa  16  H'127 

i.y  •  >1439 

A,  HO  9  a*  1.39 

lUUl  15 

jt-113  IS  lu’131 

3-1X4  a  iul;l2 


VOL, 

4 

4 

16 

16 

10 

19 

Id 

19 

H 

14 

19 

6 

6 

10 

13 

a 

10 

10 


imv  'mtMMMMNMIMMi 


A  HIGH-SPEED  MULTI -FOSI TI OH 
ELECTRONIC  SWITCH 


1>5’ 

DAVID  H.  BROWN 

B.  Sv ,  Uaiveraity  of  Washington 
(1944) 


SUBMITTED  IN  PARTIAL  FULFILLMENT  ON  THE 
REQUIREMENTS  FOP.  THE  DEGREE  OF 
MASTER  'OF  SCIENCE 


at  the 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 
(1947) 


Signature  of  Author  <>< 


/■/ 


!  t>  O  l>  9  »  O  O  '»  1 


David  R.  Broun. 

looaeooooooootiore 


Department  of  Electrical  Engln  wing,  Hay  13,  1947 


Certified  hy*, 


/a/  Joy  W.  Forrester 

e«yooc,o«icO  '>c»coooe«‘'5e«e©fteoooe©DOii6®tio**  o«'0*  iJiuecOo* 

Thoeir.  Supervisor 


fof  Harold  L„  Hazen 

Chairman,  Department  Committee  >n  Graduate  Students 


<>  »  t.  «  o  ■»  o  -  «. 


Shs  writer  is  sincerely  indebted  to 
Mr„  Jay  ih  Porreeier  for  supervising  this  thesis 
and  to  all  other  members  of  the  Project  WlIRIiXvIND 
staff  for  their  continued  interest  and  assistance 
In  the  work,  The  writer  is  also  grateful  for  the 
many  facilities  provided  ’by  the  Servomechanismt-i 
Laboratory,  under  the  direction  of .Professor  Gordon 


So  ^rovm 


absehacb 


Suit. cb.es  are  discussed  which*  1>y  means  of  an  n- digit  code. 


ner&it  tho  selection  of  any  one  of  23  load  circuits.  Sines  tho 


•jhosio  ia  concerned  with  multi -position  switches  for  a  high-speed 


digital  computer,  emphasis  is  on  high-speed  operation. 


The  type  of  switch  hollo-rod  to  ho  ths  most  promising  is  a 


high-speed  multi-position  switch  employing  a  matrix  of  crystal 


rectifiers,  the  crystal  matrix  switch.  An  analysis  of  t be  switch  and 


the  establishment  of  &  satisfactory  design  procedure  are  the 


objectives  of  the  thesis. 


A  static  analysis  of  the  crystal  matrix  switch  is  presented 


which  will  permit  the  calculation  of  the  voltages  at  the  switch 


terminals  for  a  general  switch  having  *2°  terminals.  A  simple  and 


useful  equivalent  circuit  is  derived. 


She  dynamic  behavior,  considering  stray  ca.ps.cj.  i ones s .  as 


thoroughly  .discussed  and  an  expression  derived  for  the  maximum  awitci 


lag  time.  Tho  switching  time  is  found  to  depend  upon  &  single 


resistance  in  a  leg  of  the  matrix,  R,  and  a  shunt  capacitance  that  cf 


■■00  estimated  to  a  satisfactory  degree  of  accuracy. 


.  ,  .  J'-T.  ' 


IImI'PM . . 

rt.„L 


Ml -i 


tSfSisfea^^ 


> 


Pjji  »(JP  Iff'rj,  yj. 

p  j,  ■■  .far,—  ,-*f  .  >btiwt* 


A  dooiga  m’ocedur©  is  devolonod  using  the  results  of  the 


analysis.  Before  the  design  i.e  etarted,  five  faetoro  must  ‘be  ltr.cr.au 


1.  n.  number  of  eights  in  the  code 
2*  maximum  swi  tolling  time  permissible 


J5«  input  resistance  of  the  load  circuit 
<L  input  capacitance  of  the  load  circuit 
So  change  in  voltage  required  to  operate  the 
load  circuit 


Tbs  following  are  detornrin.ee!.  by  tho  designs 


1,  value  of  the  reels  tor  to  he  placed  in  the  matrix 
So  plate-supply  voltage 

So  type  of  tube  required  to  drive  tho  switch 


M  eight-position  switch  end  a  thirty- two  position  switch, 


for  a  switching  time  of  0.5  microsecond*  ’are  designed  to  illustrate  the 


da  sign  procedure  and  show  how  the  size  arid  power  requirements  of  the 


switch  increase  as  the  number  of  terminals  increases# 


The  eight-position  switch  designed  has  been  constructed 
and  experiments  are  described  which,  verify  the  analysis  presented 


earlier.  The  measured  switching  time  for  tho  eight-position  switch 


is  0*65  microsecond*  Photographs  of.  wavoforno.  showing  the 


operation  of  the  switch  are  presented# 
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thesis  probleia  bad  lie  origin  in  Project  WEIBL^HHD, 


Servomechanisms  Laboratory,  Massachusetts  Institute  of  Technology 


Project  l?HIM»WI9B  is  engaged  in  tbs  design  and  construe 


,arg@~ficalo  electronic  digital  computer 


She  comoutor  trill  use 


the  binary  number  system* 


one  being  represented  by  a 


voltage  pulse  and  the  digit  zero  by  the  absence  of  a  pulso0  A 


parallel  system  will  bo  used  in  which  ea  i?.- digit  binary  number  i 


transmitted  simultaneously  on  a  separate  cables »  She  computer 


Eiust  operate  at  a  vary  high  speed;  one  number  may  fallow  another 


after  as  short  a' time  as  one  microsecond,  THe  voltage  pulses  will 


bo  nearly  rectangular  and  one-quartor  microsecond  in  duration. 


Switches  are  needed  which  trill  permit  the  selection  of 


one  of  a  number  of  circuits,,  The  thesis  problem  is 


practical  limitations  of  one  typo  of  switch  that  may  be  used,  and 


.story  design  procedure  for  tfr 


to  establish  a  satis: 


speed  multi-position  electronic 


•onoioe: 


.h,  using  a  matrix  of  crystal  ractifiers 


following 


this  type  will  be  called  the  t,crysfcs,l™!'iio.tri.ua  switch. 


!Ch©  switches  needed  in  the '-computer  must  operate  in  the 


following  manners 


3?he  switch  is  to  permit  the  selection  of  one 
of  a  number  of  circuits  by  means  of  a  prearranged  code 
She  codo*  or  order,  tc  set  the  switch  will  consist  of 


,t  -i*  '•  r%i.  rC'i'i 
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voltage  pulses  representing  tfco  eights  of  a  binary  number. 

All  voltage  piusea  will  arrive  at  the  same  time  and  at 
separate  input  tomlnals.  Upon  reception  of  the  order, 
the  witch  must  operate  the  circuit  connected  to  the  output 
terminal  corresponding  to  oho  binary  number  in  the  order. 

Xf  the  order  is  an  u~digifc  munbsr's  ac  many  as  2“‘  output 
terminals  may  he  incorporated,  in  the  switch,.  The  voltage  at 
the  selected  output  terminal  East  ho  of  sufficient  amplitude 
to  operate  the  circuit  connected  tc  that  terminal  and  the 
voltage  at  any  other  tormina!  must  not  ho  df  sufficient 
amplitude  to  operate  the  circuit  connected  to  that  terminal,, 

The  time  required  by  the  switch  to  operate  the  selected  out¬ 
put  circuit  after  recoptiosi  of  the  order  may  be  lees  than  one 
microsecond-  la  addition,,  the  switch,  must  be  capable  of 
being  reset  tp  the  zero  position^  tho  required  reset  time  may 
be  less  than  one  microsecond. 

Before  -the  crystal-matrix  switch  is  treated  in  greater 
detail?  come  various  types  of  electronic  switches  will  ho  discussed. 
Mao  discussion  will  make  possible  a  better  understanding  of  the 
problem  of  high-speed  multi-position  switching. 


HI M'HLTI -POSITION  ELECTRONIC  SWITCH®: 


The  crapleet  switch,  the  two-position  switch,  will  ha 
described  first#  Tlian,,  some  various  schemes  of  going  from  'the 
tt;0""poBition  switch  to  a  svfitch 'having  more  than  tiro  positions  will 
he  discussed#  This  presentation  trill  show  the  logical  development 


of  the  crystal-matris  swi  tch  and  its  advantages  over  other  switch¬ 
ing  schemes®  * 

Two-Pool  tion  Rwl  yb. 

A  resistance-coupled  multivibrator,  or  flip-flop,  may  he 
used  as  a  'two-position  switch.  The  circuit  diagram  of  a  flip-flop 
is  shown  in  Drawing  .4-30520#  The  circuit  has  two  stable  states* 
first,  conducting  and  Pf  non-conducting;  second,  non-conducting 
and  Vo  conducting.  The  normal,  or  zero,  state  is  ?.  conducting  and 
¥s  non-conducting,  indicated  by  shading  ir1«  When  in  the  zero  state, 
the  plate  of  ¥g  is  at  a  higher  voltage  than  the  plate  of  7j*  If  a 
negative  pul  so  ia  applied  to  the  set  terminal,  it  will  pass  thru  the 


crystal  rectifier  and  cutoff  Y-j ,  causing  the  flip-flop  to  transfer 
to  the  other,  or  one,  state*.  When,  in  the  one  state,  the'  plate  of  VI 
Is  at  a  higher  voltage  than  the  plate  of  V^,  The  flip-flop  may  be 
returned  to  the  zero  state  by  the  application  of  a  negative  pulse  to 
the  reset  terminal, 

A  load  circuit  may  be  connected  to  each  of  'the  plate 
terminals  of  the  flip-flop.  The  load  circuit  is  biased  so  that  when 


V 
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the  flip-flop  If,  ir.  She  mn>  state,  th©  load  circuit  connected  to 
the  plate  of  ,  the  1  terminal,  is  inoperative  and  tho  load 
circuit  connected  to  tho  pit  to  of  V,.,,  the  0  terminal,  la  operative. 
Wien  tho  flip-flop  is  in  tho  one  state,  the  load  circuit  connected 
to  terminal  1  is  operative  and  the  load  circuit  connected  to 
terminal  0  is  inorter»nve 

A  convenient  eyrhol  for  a  flip-flop  Ie  also  nhovn  in 
Drawing  A-:';0i520.  The  eyrrlol  indicates  a  four-terminal  circuit 
having  set,  reset,  1  and  h  terminals. 

Flip-flops  ha /o  been  described  extensively  in  the  liter¬ 
ature  one.  considerable  t  ork  has  been,  done  in  Project  WhIBLV/IMD  to 

1 

develop  fllp-flope  suiiible  for  uao  as  two  position  switches. 

The  load  circuit  lost  frequently  used  is  a  gate  circuit. 
The  circuit  diagram  of  a  /  it  a  circuit  is  shown  in  Drawing  A-30521. 
Either  the  control  grid  v*  the  suppressor  grid  can  cutoff  plate 
current.  Tho  control  grid  is  normally  biased  below  cutoff  and  the 
Input  will  ho  a  train  cf  positive  pulses.  If  the  ouppressor  grid 
is  connected  to  a  non.-'  -looted  terminal  of  tho  switch,  the 
suppressor  grid  will  b  below  cutoff  and  xto  input  pulrea  will  not 
apceer  at  tho  output  .erninal.  If  the  suporsesor  grid  ie  connected 
to  a  selected  tonal  i  d  of  tho  switch,  the  suppressor  grid  will  be 
above  cutoff  and  p.ate  current  will  flow  when  the  control  grid  its 
driven  above  cute  :T,  remitting  the  Input  pulses  to  appear  at  the 
output  terminal. 


■O'Brien,  Johr-T.,  .Invoetiga tlon .. o f .IlijirllaQ-Qlrcaila.  Project 
WHIRLWIND  Hcr.nrt  Ho.  H-113,  March  13,  1947, 


A  oynboi  for  a  g:- to  circuit  in  al go  shown  in  Drawing 
JU20521.  The  3ymbol  indicates  a  tKree-tarminsl  circuit  having  input 
and  output  termiaalo  and  a.  teirainal  which  can  ho  connected  to  the 
switch* 

The  characteristics  of  various  typos  of  gate  circuits 
have  been  investigated  in  Project  PRIBLVIND.^ 

A  two-position  switch  which  controls  two  output  channels 
is  shown  in  Drawing  A~3052£.  Here  the  switch  is  used  to  select  tho 
output  terminal  at  which  the  input  pulso3  are  to  appear*  The  switch 
order  is  applied  to  the  sot  terminal  pf  th©  flip-flop.  If  the 
order  is  a  zero,  ae  indicated  by  the  absence  of  a  pulse,  tha  input 
pulses  will  appear  at  output  terminal  0.  If  the  order  is  a  ono, 
as  indicated  by  the  prenence  of  a  pulse,  the  flip-flop  will  svdtch 
and  tha  input  pulses  will  appear  at  output  terminal  1.  A  pulse 
applied  to  the  reset  terminal  of  the  flip-flop  will  reset  the  switch 
to  tha  zero  position. 
gate-Tuha  Whiffle-Tree  Switch 

Two- channel  switches  of  the  typo  shown  in  Drawing  A- 20522 
may  be  cascaded  to  fora  a  multi -channel  switch.  Cascading  the  gats 
tabes  gives  tho  appearance  of  a  whiffle  tree  e.o  shown  in  Drawing 
A-3Q523.  An  eight-position  whifflo-troe  gate-tube  switch  is  chovm<> 
Th©  switch  operates  as  follows; 

The  order  and  output  terminals  have  been 
assigned  binary  numbers.  A  three-digit  order  is  applied 
•  to  the  three  order  terminals.  The  output  termine.4 

r 


Brown ,  David  XL.,  Gate  Circuits,  Project  WHIBIrYilND,  Report 
Ho.  B-X09,  December  17,  1946. 


corresponding  to  the  binary  nurbor  of  the  order  will  'bo 
selected.  For  trample,  suppose  the  binary  amber  of 
tbs  order  le  101.  Voltage  pulse©  are  applied  to  order 
terminals  1  and  100,  switching  the  corresponding  flip- 
flops-  An  inspection  of  Drawing  A-30523  ©hows  that  the 
input  pulses  will  appear  at  output  terminal  101.  A  ■ 
pulse  applied  to  the  recot  terminal  rill  resist  the  switch 
to  the  zero  position. 

Although  an  eight-position  switch  is  shown  in  Drawing 
A-20533,  a  generalization  to  the  2U -position  switch  can  easily  bo 


made. 


The  switch  require©  a  large  number  of  gate  tubes. 


„n-$i  «5 
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for  a  2n*’position  switch.  A  more  important  dl ©advantage,  however. 


is  that  the  input  pulses  must  go  through  n  gate  tubes  in  series. 


which  will  lengthen  and  delay  the  pulses. 

Multi-C-rld 

The  whiffle-troe  gate-tube  ©witch  uses  gate  tubes  which 
have  one  control  grid  to  which  input  pulses  may  be  applied  and  one 
grid  for  switching.  If  a  gate  tube  having  n  ©witching  grid©  in¬ 
stead  of  one  is  available,  the  disadvantages  of  the  whiffle- tree  * 
switch  may  he  overcome.  The  diagram  of  a  multi-grid  gate-tube 
switch  for  an  n  of  3  is  shorn  in  Drawing  A-30524.  The  operation 
is  the  same  as  for  the  whiffle- tree  switch.  The  multi-grid  gate- 
tube  switch  has  been  studied  by  binoff.1 

The  disadvantage  of  the  multi -grid  gate~tu.be  switch  in 
the  difficulty  of  obtaining  a  gate  tube  having  more  than  on© 
©witching  grid. 


**  'Sublnoff .  Morris,  An  Input  SeylcjiJJjJL^^  a  paper 

presented  at  A  Symposium  of  Large  Scale  Digital  Calculating 
Machinery,  Harvard  UiJ  versity,  January  10,  1947. 


A  modification  of  oho  multi-grid  gate- tube  switch  which 
oliralnat.es  the  necessity  of  multi-grid  gate  tubes  has  been  suggested 
and  analyzed  by  Crawford.1  This  modification  introduces  a  matrix  of 
resistors  as  shown  in  Drawing  A-30525.  Alsoi  to  drive  the  resiatence 
matrix  and  iuolato  it  iron  the  flip-flops*  "buffer  amplifiers,  symbol 
BA,  are  used, 

Crawford's  analyGin  of  tho  resistance-matrix  aifitch  is 
GUiaraarised  in  the  following  two  paragraphs  S 

Suppose  that  the  plate  voltage  of  an  "off11  buffer 
amplifier  is  100  volte  and  the  plate  voltage  of  an  l,onrl  buffer 
amplifier  is  zero,  If  the  binary  number  of  the  switch  order 
is  101,  matrix  terminal  101  will  be  100  volts,  Matrix 
terminals  1,  100,  and  111,  will  be  at  66-2/3  volto,  Matrix 
terminate  0,  11#  and  110,  will  be  at  33-1/3  volts**  The  voltage 
of  matrix  terminal  10  will  be  zero*  This  assumes  that  tho 
source  resistance  of  the  buffer  amplifiers  ie  very  low  com¬ 
pared  to  the  resistance  of  the  matrix  as  seen  by  the  buffer 
amplifiers.  Also,  tho  circuit  connected  to  the  matrix  terminal 
is  assumed  to  have  very  high  input  resistance.  If  the  twitch 
in  to  select  only  ono  of  tho  circuits  connected  to  tho  matrix 
terminals,  tho  voltage  necessary  to  operate  tho  circuit  must  be 
greater  than  66-2/3  volto  and  lees  than  100  volts* 

Tho  distribution  of  voltages  of  the  matrix  terminals 
is  given  Jjy  the  coefficient!)  in  the  binomial  expansion 
(1  o  l)a„t'  if  a  ie  two®  and  the  seme  conditions  are  assumed, 
tho  voltage  of  one  terminal  will  be  100  volts,  two  will  be  at 
50  volts,  and  tho  voltage  of  one  terminal  will  bo  zero*  If 
n  is  four,  one  terminal  will  be  at  ICO  volts,  four  will  bo  at 
75  volts,  six  will  be  at  50  volts,  four  will  be  at  25  volts, 
and  tho  volt ago  of  one  will  bo  zero* 

I'otica  that  although  only  one  switching  grid  is  required  in 

the  gate  tubes,  only  a  fraction  of  the  voltage  change  at  tho  buffer 

.  |  >  m  | .  M  f  m  . .  m .  ■— . 

^  Crawford,  Perry  0. ,  jafamatlfi  -fi&stefil  te.A.rjT 

Master's  Thesis.  Physic*  Mac?*  Inst*  of  Tech.  1242, 
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amplifier  appears  at  the  matrix  terminals  as  a  useful  switching 
voltage.  If  iko  change  in  voltage  at  the  "buffer  amplifier  is 

3  »  J 

as,  the  useful  switching  voltage  ieAi!  /a.  The  useful 

t 

switching  voltage  is  define (1  as  the  minimum  voltage  difference 
"between  the  selected  terminal  and  any  non-seloctod  terminal. 

Crystal  Matrix  Switch 

A  further  modification  has  been  suggested  which  will  permit 
a  larger  useful  switching  voltage. The  resistors  of  the  resistance 
matrix  aro  replaced  "by  crystal  rectifiers  as  shown  in  Drawing 
A-- 30526.  Tho  advantage  of  the  crystal  matrix-  switch  ovar  the 
resistance  matrix  switch  is  that  nearly  tho  full  change  in  voltage 
at  tho  plats  of  a  buffer  amplifier  is  available  at  the  terminals  of 
the  crystal  matrix.  The  number  of  crystal  roctifierc  reqtiired  io 
n2n„ 

Tho  function  of  the  crystal  matrix  can  be  seen  mor© 
readily  if%the  matrix  io  redrawn  ao  in  Drawing  A»30527.  Plato 
current  for  tho  buffor  amplifiers  mot  flow  thru  the  rooiotora,  R* 
Tho  crystal  matrix  la  connected  so  that  current  always  flows 
through  all  but  one  of  the  reel  store.  Tho  terminal  associated  with 
that  resistor,  being  at  a  higher  voltage  than  the  other  tornlnalso 
is  the  selected  terminal. 

An  analysis  of  the  2n-pc  3itlon  switch  of  tho  typo  shown  in 
Drawing  JW30527,  and  tho  establish!  out  of  a  satisfactory  design  pro¬ 
cedure,  are  the  objectives  of  this  thesis. 

T  *Tho  writer  became  acquainted  with  this  suggestion  at  a  course  on 
electronic  digital  computers  given  at  the  Mooro  School  of 
Electrical  Enginaoring,  University  of  Pennsylvania,  during  tho 
summer  of  1946. 


ANALYSIS  OF  THE  CRY STAL-MATRI X  SWITCH 


Both  the  ctatic  and  the  dynamic  "behavior  will  bo 
analysed;  the  static  analysis  will  "be  presented  first.  The  method 
of  first  considering  a  switch  with  a  small  number  of  terminals, 
than  a  largo r  number,  end  progressing  gradually  to  the  general  case 
will  be  followed. 

The  static  analysis  will  bo  made  only  for  the  case  where 
the  soro  terminal  is  the  selected  terminal.  The  distribution  of' 
voltages  at  who  matrix  terminals  for  any  other  terminal  as  tho 
selected  tormina],  may  bo  inferred  from  tho  analysis  to  be 
presented. 

The  circuit  diagram  of  a  four-position  crystal-matrix 
switch  is  shown  in  Drawing  iu 30528.  Tho  analysis  is  complicated 
by  tho  fact  that  the  crystal  rectifiers  are  non-linear  elements. 

The  voltage-current  characteristic  of  a  typical  1K34  genoanium- 
cryotal  rectifier  ia  shown  in  Drawing  JW38201-&*  In  order  to  make 
a  simple  analysis  possible,  tho  crystal-rectifier  will  be  assumed 
to  have  a  forward  resistance,  Rp  and  a  back-  resistance  R^,  which 
are  independent  of  the  magnitude  of  the  current  through  the 
rectifier.  To  determine  whether  a  crystal  rectifier  may  be 
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rep  re  seated  "by  Rj  or  E-b,  the  polarity  of  the  voltage  across  the 
rectifier  must  ho  established.  This  can  be  dene  by  an  in¬ 
spection  of  tha  circuit,  An  "on"  buffer  amplifier  may  bo 
represented  by  the  static  plate  resistance  of  the  tnbes  R^;  an 
“off"  buffer  amplifier,  by  an  infinite  resistance.  If  these 
equivalent  resistances  are  used,  tho  circuit  diagram  of 
Drawing  A- 30528  becomes  the  equivalent  circuit  of  Drawing 
JW30529.  If  Rf  is  assumed  to  bo  much  smaller  than  R,  the  equiva¬ 
lent  circuit  becomes  tho  simplified  equivalent  circuit  of 
Drawing  A-30529.  Sinco  R^  is  the  order  of  100  ohms,  thin  io  a 
reasonable  assumption  for  an  R  greater  than  1,000  ohms. 

Tho  circuit  diagram  of  an  eight-position  crystal-matrix 

i 

switch  is  shown  in  Drawing  A«-3O530»  An  equivalent  circuit  of  the 
eight-position  switch  la  shown  in  Drawing  iW30531„  If  R^  io 
assumed  to  ba  much  smaller  than  R,  tho  equivalent  circuit  becomes 
the  simplified  equivalent  circuit  of  Drawing  A-30531. 

Tha  circuit  diagram  of  a  sixteen-position  switch  ia 
shown  in  Drawing  A .30532.  The  equivalent  circuit  and  simplified 
equivalent  circuit  are  shown  in  Drawing  A-30533, 

Hot©  that  tho  validity  6f  the  assumption  that  R^may 
be  neglected  if  Hj  is  much  smaller  then  R  is  not  affected  as  tho 
number  of  terminals  increases. 

An  inspection  of  the  simplified  equivalent  circuits  of 
the  four,  eight,  and  sixteen-position  switches  will  permit  tho 
equivalent  circuit  of  the  general  case  to  be  established.  Tho 
simplified  equivalent  circuit  of  the  ^-position  evritch  is  shot® 
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in  Brewing  A«50534«  5?hs  useful  svritching  voltago*^  13,  ia  the 
voltage  difference  between.  tho  selected  end  the  non-solected 
terminals.  The  simplified  equivalent  circuit  shows  that  A  33 
will  decrease  as  n  increases  or  A,  decreases.  Although  % 
any  he  much  greater  than  E»  it  cannot  he  neglected;  it  appears 
in  tho  equivalent  circuit  divide*  by  n(2n”-5--l).  The  useful 
switching  voltage,  A  3,  may  be  calculated  from  the  equivalent 
circuit, 
lot. 


and, 


=  *2 


Tho  circuit  for  calculation  q£,<£*S»  show,  in  Drawing  A-=30534„ 
may  ha  obtained  directly  from  the  simplified  equivalent  circuit 
by  use  of  ThovcrdrJ  o  Theorem,  Then, 


_  J.  C,  QU 

5£(»  r  1'^  *  Bj,)  *  nE-^  (R  ■*  Eg  ) 
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vhsre , 


R  «  resistance  from  the  plate  trnpply  to  a 
horizontal  wire  of  the  matrix 

&£  z  forward  resistance  cf  a  crystal  rectifier 

Rfc  »  hack  resistance  of  a  crystal  rectifier 

n  s  number  of  flip-flops 

~  plate- supply  voltage 


%  = 


R 

2*-\ 


a(  T^'-l) 


and 

Hf  « 

Ihrnfliiio  Inalylq 

The  objective  of  the  dynamic  analysis  is  a  quantitative 
expression  for  the  svritching  time®  The  four-position  switch  of 
Drawing  A-30535  will  he  considered  first®  Before  any  attempt  is 
mad©  to  represent  the  switching  transients  quantitatively*  the 
operation  of  the  switch  must  ho  thoroughly  understood®  Such  an 
understanding  will  permit  a  groat  simplification  of  an  otherwise 
complicated  problem® 

When  studying  operation  at  terminal  0  as  typical*  six 
transitions  are  of  interest  in  the  four-position  switch* 
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a,  from  terminal  0  to  terminal  1 
*  'o.  from  terminal  1  to  terminal  0 

c„  from  terminal  0  to  terminal  2 

d.  from  terminal  2  to  terminal  0 

o,  from  torainal  0  to  terminal  3 

f.  fr^a  terminal  3  to  terminal  0 

For  transition  (a)  to  take  place,  the  1  flip-flop  must  switch, 

cutting  off  V-L  and  driving  on  Fg.  Since  the  wavefronts  from 
the  flip-flop  have  finite  rlao  time,  and  Vp  is  initially  biased 
wall  below  cutoff*  ?x  will  cutoff  before  Vg  will  bo  driven  on. 

Let  'i\  and  Vg  bo  represented  by  an  E^  in  series  with  a  switch  as 
shown  in  Drawing  1-30536,  Switch  Sx  opens  at  time  t-j  and  switch 
Sg  closes  at  time  tgo  Since  the  polarity  of  the  voltage  across 
some  of  the  crystals  will  change  during  the  switching  process,  a 
crystal  rectifier  cannot  be  represented  by  a  resistance.  For  the 
dynamic  analysis,  assume  that  is  zero  and  R^  io  infinite  and 
let  the  crystal  be  represented  by  a  switch.  The  assumption  of 
aero  %  has  boen  justified  previously.  The  assumption  of  an 
infinite  Rjj  trill  lead  to  a  raoro  consorvative  eapresBion  for  the 
switching  tine,  as  will  bo  seen  later,  and  will  hel-p  to  simplify 
the  problem.  The  switch  is  open  if  the  voltage  lo  in  the  back 
direction  and  closed  if  the  voltage  is  in  the  forward  direction. 
If  the  polarity  across  the  crystal  does  not  change,  the  crystal 
may  bs  represented  by  a  short  circuit  or  an  open  circuit.  For 
example.  Crystal  A  of  Drawing  A-30535  will  have  a  forward  voltage 
across  it  during  tho  entire  switching  period  and  may  be  repre¬ 
sented  by  a  short  circuit  ao  shown  in  Drawing  1-30536.  Crystal.  B 
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initially  has  a  forward  voltage  acrosc  it  but  the  voltage  across 
the  crystal  reverses  in  polarity  as  soon  as  Vp  begins  to  conduct 
and  drat*  plate  current  through  the  R  associated  with  terminal  0. 
Crystal  B  is  therefore  represented  as  a  switch  which  opens  at 
time  tg. 

The  waveforms  at  the  four  terminal*  of  the  switch  are 

* 

choi®.  in  Drawing  A-30536  and  the  equivalent  circuits  for  any 
particular  time  interval  are  shown  in  Drawing  A-30537.  Initially, 
terminal  0  is  the  selected  terminal  and  terminals  1,  2*  and  3, 
are  at  some  lower  voltage*  At  time  tp,  Sj_  opens  end  the  voltage 
at  terminal  1  increases,  shunt  capacitance  will  provent  th© 
voltage  from  changing  instantaneously.  Also  at  time  tj  f  the 
voltage  at  terminals  2  and  3  will  increase.  This  nay  bo  explained 
ao  follows.  Initially,  terminals  2  and  3  are  at  the  normal  non- 
selected  voltage,,  3(n„E). 


s(r-o) 
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R 

_ EL_ 

Sp  * 

^  3 


During  the  cv/itching  transition,  until  cone  time  after  t2,  terminals 
2  and  3  will  charge  toward  a  temporary  final  value,  greater 
than  As  may  be  seen  from  the  equivalent  circuit. 
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The  voltage  at  terminals  3  and  3  may  tend  to  increase 
more  rapidly  than  the  voltage  at  terminal  1„  In  this  caaeE  % 
will  remain  closod  until  time  tx  when  the  voltage  across 
Crystal  G  reverses.  Until  time  tx,  terminals  1,  2,  end  3,  will 
rise  together. 

At  time  t2,  S2  closes  and  Sg  opens,  lowering  the  voltage 
at  terminal  0»  At  tirr.3  t,  the  voltage  at  terminal  0  reaches  the 
voltage  at  terminals  2  and  3;  Sjj  closes  and  the  voltage  at 
terminal®  0.  3,  and  3e  returns  to  the  normal  non-celocted  voltage. 
Jfote  that  a  transient  would  "be  observed  at  terminals  2  and  3 
even  if  S-^  and  Sp  were  owltched  simultaneously.  Terminal  1„  after 
time  tjjt,  increases  in  voltage  as  the  shunt  capacitance  i®  charged 
through  the  resistor,  R*  At  the  end  of  the  transient  when 
terminal  1  reaches  its  final  value,  at  time  tg,  Sp  closes.  The 
switching  time  t4  -  t].,  is  determined  almost  entirely  by  the 

i 

length  of  time  required  to  charge  the  shunt  capacitance  through  the 
resistor  B0  During  moot  of  the  switching  transient,,  the  shunt 
capacitance  le  that  associated  with  one  horizontal  wire  and  one 


vertical  wire  of  the  matrix.  In  general,  the  terminal  being 
selected  will  be  the  last  terminal  to  arrive  at  its  final 
voltage. 

The  dashed  lines  on  the  waveforms  indicate  the  effects 
of  capacitance  coupling  betweten  parts  of  the  switch  and  vill  b© 
discussed  later. 

A®  yet  only  transition  a,  from  terminal  0  to  terminal  1 

i 

ha®  been  discussed.  The  waveforms  for  transition  b  will  bo  the 
came  as  those  shown  in  Drawing  A-30536  except  tint  the  waveform® 
at  terminals  0  and  1  will  be  interchanged.  Transition  c  will  bo 
the  earn©  except  that  the  waveforms  at  terminal®  1  and  2  will  bo 
Interchanged.  The  waveforms  for  transition  d  will  be  the  nano 
as  those  for  transition  c  with  the  waveform®  at  terminal®  0  end 
2  Interchanged, 

Transition  e  from  terminal  0  to  terminal  3,  will  bo 
different  because  both  flip-flop®  will  bo  switched,,  The  equiva¬ 
lent  circuit  and  the  waveforms  at  the  output  terminals  are  shown 
in  Drawing  A-30538.  The  equivalent  circuit  for  any  particular 
time  interval  may  be  found  in  Drawing  A-30539,  At  time  and 

S3  open  and  the  voltage  of  terminals  1,  2,  and  3,  increases.  At 
timo  tg,  3g  and  S4  close  decreasing  the  voltage  at  terminal  0,  At 
time  tjj,  the  voltage  at  terminal  0  roaches  the  voltage  at  terminals 
1*  2,  and  3*  Sq  and  Sj  open  and  Sp  and  Sjjj  close.  After  time  tj, 
the  voltago  of  terminals  0t  1,  and  2,  returne  to  the  normal  non- 
selocted  voltage  and  the  voltage  of  terminal  3  continues  to 


increase.  The  voltago  of  terminal  3  increases  as  the  shunt 
capacitance  C,  is  charged  through  the  resistor  B.  Again,  the 
switching  tine  ic  largely  determined  by  tlio  time  constant,  BC» 

The  capacitance,  C,  is  that  associated  with  one  horizontal  wire 
of  the  matrix  and  two  vertical  vires*  a  larger  ehaat  capacitanco 
than  that  charged  in.  the  transition  from  terminal  0  to  terminal  X. 

In  general,  the  transition  which  will  require  the  longest  switch¬ 
ing  time  occurs  when  all  n  flip-flops  are  switched. 

The  waveforms  for  transition  f,  from  terainal  3  to 
terminal  0,  Till  to  the  same  as  those  for  transition  o  with  the 
waveforms  at  terminals  0  and  3  interchanged. 

A  similar  analysis  can  to  made  of  the  eight-position 
switch.  The  fourteen  possible  transitions  involving  the  terminal  0 
are; 

a.  from  tormina!  0  to  terminal  1 

t.  from  terminal  1  to  terminal  0 

c.  from  terminal  0  to  terminal  2 

d.  from  terminal  2  to  terminal  0 

e.  from  terminal  0  to  terminal  3 

f.  from  terminal  3  to  terminal  0 

g.  from  terminal  0  to  terminal  4 

h.  from  terminal  4  to  terminal  0 

1.  from  terminal  0  to  terminal  5 

j.  from  terminal  5  to  terminal  0 

k.  from  terminal  0  to  terminal  6 

l.  from  terminal  6  to  terminal  0 

m.  from  terminal  0  to  terminal  7 

n.  from  terminal  7  to  terminal  0 

These  fourteen  transitions  reduce  to  three  basic  types;  just  as  the 
seven  possible  transitions  for  the  four-position  switch  reduced  the 
two  basic  types.  The  three  types  of  transitions  for  the  eight-position 


switch  are 5 


1 


I 
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«  One  flip-flop  ewltchod,, 

2*  Two  flip-flops  switched,, 

3.  Throo  flip-flops  twitched. 

Transitions  a,  b,  c,  d,  g,  and  ht  ere  the  first  type.  Transitions 
ot  f,  i,  j,  k,  and  1,  are  the  second  type.  Transitions  m  and  n  are 
tho  third  typo. 

A  circuit  diagram  of  the  eight-position  switch  appears 
in  Drawing  A~ 30540,  Tho  equivalent  circuits  and  tho  transforms  for 
the  three  basic  types f  transitions  a,  e,  and  m(  are  Bhoim  in 
Drawings  / -30541,  A-30542,  A- 30 543,  a-30544.  30545,  and  A-30G46 , 

The  preceding  analysis  has  neglected  capacitance  coupling 

* 

between  the  various  parts  of  the  switch.  The  capacitance  between 
adjacent  parts  has  been  assumed  to  be  small  compared  to  the 
capacitance  to  ground  of  any  part.  The  effect  of  capacitance 
coupling  would  be  in  the  direction  indicated  by  the  dashed  curves 
on  the  waveforms. 

The  analysis e  although  qualitative,  yields  oooe  ttseful 

results, 

1.  Tho  longest  transition  occurs  \fhen  all 
n  flip-flops  are  switched, 

2,  Tho  terminal  requiring  tho  longest  switching 
tiiao  is  tho  terminal  being  selected, 

3,  Tho  long  portion  of  the  transient  at  the 
terminal  being  selected  is  a  simple  B-C 
transient  having  a  time  constant  equal  to  tho 
product  of  R  and  the  shunt  capacitance  C. 

It  is  not  a  function  of 

4.  Transients  will  be  observed  at  non-solacted 
terminals.  Tho  amplitude  of  the  transiento 


will  depend  noon  which  transition  is  'being 
effected  and.  on  the  delay,  tg  -  tp 

j  5.  The  transient  at  n  non-selected  terminal  tri.ll 

imbsi  do  at  the  sane  'tins  that  the  terminal 
previously  colectod  returns  to  the  non-selectad 
voltage. 

<  The  ewi t ching  tine  T,  io  defined  as  the  time  required  for 
the  voltage  at  the  terminal  to  roach  ten  per  cent  of/X  E  of  Its 
final  value.  The  longest  switching  time  will  to  at  the  terminal 
selected  when  all  n  flip-flops  are  switched.  Since  the  longest 
switching  time  ie  the  only  important  one,  only  the  longest  ©watch¬ 
ing  time  will  be  treated  quantitatively,  To  be  useful,  the  expression 
for  must  be  simple. 

As  shewn  previously,  the  time  constant  of  the  longer 
portion  of  the  transient  at  the  terminal  being  selected  is  EC,  where 
C  is  tho  3hunt  capacitance.  If  the  entire  transient  is  assumed  to 
hnvo  a  trims  constant,  EC,  a  conservative  figure  for  tho  switching 
time  may  be  obtained  very  easily.  The  voltage  change  io  Zs>  E.  The 
problem  is  to  find  C. 

A  circuit  diagram  of  the  four-position  switch  showing  the 
shunt  capacitances  is  shown  in  Drawing  A- 30547.  The  parts  of  the 
matrix  which  increase  in  voltage  an  amount  Zx  E  when  both  flip-flops 
are  switched  are  indicated  by  heavy  lines.  In  order  to  estimate 
the  total  shunt  capacitance,  C,  assume  that  the  parts  indicated  are 
the  only  ones  that  change  in  voltage  and  considor  all  the  other* 
parts  to  be  at  ground  potential.  The  capacitances  indicated  are  then 


defined  as  follows? 


€•)  Xnterelectrodo  capncitmco  of  a  crystal 
rectifier, 

0o  Capacitance  to  ground  of  a  crystal 
rectifier. 

Gj  Output  capacitance  of  buffer  amplifier 
pine  the  capacitance  to  ground  of  a 
vertical  wire  of  the  matrix, 

* 

Input  capacitance  of  tho  load  circuit  plu® 
tho  capacitance  to  ground  of  a  horlsontal 
wire  of  the  matrix. 

For  the  four-position,  switch, 

C  “  2C^  +  2Cg'  v  2Cpj  4*  C4 

The  circuit  diagram  of  the  eight-position  switch  shewing 
tho  shunt  capacitances  is  shown  In  Drawing  A--30548. 

C  s  90^  ->  3C»>  3C3  *5*  O4 

The  expression  for  C  may  now  ho  general! cod  to  tho  211  » 
position  switch, 

C  ”  n(2n““-l)  v  n(Cj>  *>  C3)  •»  C4 
The  maximum  switching  time  will  he  ©qua!  to  2.3  time 


constants 


f 


DESIGN  PROCEDURE 

In  the  previous  section,  general  expressions  were 
obtained  for  the  useful  switching  voltage,  and  the 

maximum  sv/itching  tine,  In  this  section,  the  rosulto  of  the 

previous  section  will  ho  used  to  ostahlioh  a  general  design 
procedure.  Several  switches  will  he  designed  to  illustrate  the 
design  procedure  and  the  limitations  of  the  switch, 

general  totisa  ErocMurfl 

The  following  factors  oust  "bo  known  before  the  design 

is  started}  ^ 

1,  n,  number  of  flip-flops 

2.  Tm,  maximum  switching  time  permissible 

b.  Bp  input  resistance  of  the  load  circuit 

4,  Cp  input  capacitance  of  the  load  circuit 

5,  E,  ueeful  switching  voltage  required 

The  following  are  to  b©  determined  by  the  design? 

1„  Ep  value  of  the  resistor  to  bo  placed  in 
the  matrix 

2,  plato-supply  voltage 

3,  Tube  Type  for  buffer  amplifier 

The  first  atop  In  the  design  is  to  choose  an  and  a 
tube  type;  this  determines  the  output  capacitance  of  the  buffer 


amplifier,,  The  number  of  flip-flops,  nt  is  know.  Make  a  sketch 
of  the  physical  arrangement  of  the  matrix#  Estimate  the  capacitance 

to  ground  of  a  vertical  wire  of  the  matrix  and  add  it  to  the  output 
capacitance  of  tho  buffer  amplifier  to  obtain  C30  Estimate  the 
capacitance  to  ground  of  a  horizontal  wire  of  the  matrix  and  add 
it  to  tho  input  capacitance  of  the  load  circuit  to  obtain  C^.  Aloo* 
estimate  the  capacitance  to  ground  of  a  crystal  rectifier,  Qg.  The 
Interelectrodo  capacitance  of  a  crystal  rectifier,  C]_«  is  known  or 
may  be  measured. 

Now  G  Esy  bo  calculated. 

C  -  nCS0-1-!)  C1  <•  n(C2  ♦  Cg)  +  C4 
Tho  dynamic  analysis  has  shown  that 


Calculate  B, 


=  2.3RC 


2.3C 


How,  R  in  simply  Rj_  end  RL  in  parallel.  Then, 

_  hr. 


The  static  analysis  has  shown  that 

nR.  R_ 


33  — 


Rp  (R  ^  Rj.  R2)  ■*  nR^  (R  Eg) 


whore 


R 

211  -  1 


n(2n”i  -1) 


%  ¥ 


V 


:.et 


_ ±SfiL,. 

s 


Solve  for  Bp. 


R 


„P  Tli  (*■  -  1)  -  s 

ihkjL _ _ _ 

It  4-  Rj  i'  Bg 


Ills  equivalent  c:l rail t  of  Drawing  A- 305 34  will  permit  an  oirprescion 
to  be  obtained  for  the  equivalent  load  roaistanco  seen  by  the 
buffer  amplifier,  Rj^eq)* 


%j(sq)  s 


nlL  (R  *  ps> 
R  &  E^  •}•  Rg 


Using  th©  tube  characteristics  for  th©  tub©  type  ©elected,  draw  a 
line  of  slope  -  1  (\(qo)  passing  through  and  a  lino  of 
slope  1/Bp  passing  through  the  origin.  Th©  intersection  of  the  two 
linos  determines  the  operating  point  of  an  "on"  buffer  amplifier. 

If  this  point  doos  not  lie  in  a  satisfactory  vf>oxon  on  the  tube 
characteristics*  a  different  tub©  must  be  selected  and  the  design 
repeated. 

goMgn  of  m.  SirifcEftgltlflft  iMiSfc 

The  known  factors  ares 


1. 

n  ~ 

*7 

o 

2. 

:rm  ” 

Or,  5  B 

3, 

%  - 

100.000  ohms 

4. 

°1  ~ 

4.3  ttyf 

5. 

A  S  " 

20  volts 

First  try  an  of  100  volts  end  a  2C51  buffer  amplifier,  Tho  0ut- 
put  capacitance  of  a  2C51  is  2.2 ftp  f. 

Tha  matrix  wae  cons tro.cted  and  mounted  on  a  cutaway  panel 
ao  that  the  other  capacitances  could  "be  measured.  Photograph  PS5 
illustrates  the  construction  of  the  matrix.  The  merouromonts  Tfera 
made  just  before  tho  crystalo  were  placed  la  tho  matrix.  The 
capacitance  of  a  vertical  wire  of  tho  matrix  plue  tho  wire  to  the 
tube  socket,  with  all  other  wires  of  the  matrix  grounded,  measured 
4.5/e/*f<,  The  capacitance  of  a  horizontal  wire  of  the  matrix  plus  th® 
wire  to  the  tube  socket,  with  all  other  wires  of  the  matrix  grounded, 
measured  3. 3/^.f.  Also,  the  interelectrode  capacitance  of  the  1H34 
crystal  rectifier  was  measured  and  fornd  to  be  approximately  OoG/A/wf, 
The  capacitance  to  ground  of  a  crystal  rectifier  was  estimated  to 
be  Q„5fjLfA.  f.  Then, 

Cl  K  0.5  £ 

°2S  0.5  ^  f 
03  =  6.7/if,  f 

C4  =  7.6/^/if 

Calculating  C, 

i< 

C  ~  +  n(C2  *  C3)  *  C4 

=  9(0.5}  *  3(7.2)  *  7,6 
»  33,7/i/i  f 


28,200  ohms 


r  a  JjjSl. 
i£js  ‘ 


ioa 

20 


Giving, 


K  -  ^lTR2(y  *  X)  ~  RJ 


H  4-  R-^  *  Hj 


=  X&LX2S 

6,500  +  930  +  22,200 
*  7, 750  ohms 


and. 


%(0q) . 

R  ♦  Rj_  •»■  Rg 


»  iaajj._m.ooq  * 

6,500  A  930  22,200 


"  2,700  ohms 

The  plate  characteristic  of  tho  2C51  is  shown  in  Drawing  JW.38202-G. 
The  operating  point  is  shown  at  the  intersection  of  tho  two  lines 
determined  by  Rp,  %,(eq.)  £&d  E^o  The  operating  point  is  neon  to  lie 
below  both  tho  maximura-plate-di Bsipatlon  curve,  0.75  untt,  and  the 
maiimuiii-cathcde-curront  line,  13  milliemperes.  Tho  curves  also  show 
that  the  grid  of  the  buffer  amplifier  must  be  driven  to  chout  +0„5 
volt, 

lots  that  the  plate  dissipation  of  an  "on”  buffer 


I 


-2°-» 

amplifier  in  the  eight-position  switch  Juot  desif-jaod  is  about  0.75 

( 

watt*  lext*  a  thirty-tv, u  position  switch  will  he  designed  to  the 
sans  specifications.  The  following  design  will  show  that  trans¬ 
mitting  tubes  are  necessary  to  achieve  the  sane  performance  in  a 
thirty-two  position  switch, 

Saaifffl  fll  a  mrty^&ro-pQgition  Switch 
The  known  factors  ares 

1.  n  *  5 

2.  vm  ■  0.5^.o 

3.  Ej_  a  100,000  ohms 

4.  C,  **  4.3^i^*f 

5.  4^  B  «  20  volts 

Try  an  of  100  volts  and  an  329-B  buffer  amplifier  with  a  screen 
voltage  of  200  volts.  The  output  capacitance  of  an  829-B  is  7  f . 

Estimates  of  the  shunt  capacitances  nay  he  based,  upon  the  measurement 
made  on  the  eight-position  matrix*  giving 

*»  0.5^&f 
Cg  s  0,5^/tf 
C5  *  25ff-  f 

C4  5*  9,-S^ft-f 

Calculating  C, 

C  a  a(2Q**1-l)  Cx  +  n(C2  *  C3)  *  C4 
=  75(0,5)  +  5(25*5)  *  9,3 
=  174*3ji|j.f 


Than, 


and, 


3.  SC 

=  jk^uiafiL. 

(3.3)  (174.3) 
s  1,350  obae 


EL  a 


ER. 

-  R 

(1.350)  (lQQ.PQQl 
100,000  -  1,250 


=  1,270  otes 


As  in  the  preceding  design,  %  will  ha  t»k»n  M  200,000  ohr.c. 


Thsr* 


Hi  s 


R 

on  i 
cl  —  J. 


**  iljSiiSL. 

31 


40.4  ohraa 


% 

n(2^”^"“l) 


«  sfisuQQa 

75 


n  2,670  ohms 
E. 

F  =  fb h- 

STs 

=  jacL 

20 


5 


ffw  .  I . 


nR?f»a  (g  -  D  -  a] 

K  4  P-2  r  Ho 

W^l±o^Sl^£^JdL^As£^ 

1,250  v  40.4  4  2,670 

478  ohms 

nR,  (R  *  Sg) 

R  a  +  Rg 

-L5-l_l3fl».^  i^SL*^7Ql 

1„  250  A*  40*4  ch  •  o  V  C 

193  ohms 

Tha  operating  point,  as  determined  from  tho  published  character- 
1  sties  for  tho  829-B  is  at  tho  point  where 

*  72  volte 

Ip  as  150  Ea. 

Ecl  =  “S  y°^B 

Tho  plato  dissipation  of  an  Mon(f  buffer  amplifier  io  then  10.6 
watts,.  The  rated  plata  dissipation  for  the  829-3  is  15  watts. 

The  foregoing  two  designs  illustrate  tho  large  increase 
in  tho  power  required  to  drive  a  matrix  ae  the  number  of  terminal a 
is  increased.  Tho  power  required  goes  up/ for  two  reasons?  "trot, 
tho  matrix  becomes  larger  increasing  the  shunt  capacitance;  second, 
the  equivalent  load  resistance  for  the  buffer  amplifiers  geos  down 
because  the  tubes  sruat  draw  current  thru  more  R5  s  in  parallel. 


Giving, 


R .  m 


and 


nL(oq) 


EXPEHIMjBMm  TOBI  FI  CATION  OF  THE  ANALYSIS 

Tho  eight-position  switch  designed  in  the  previous  section 
urns  constructed  and  its  performance  determined  experimentally.  The 
experiments  will  ho  described  in  this  section. 

The  crystal  rectifiers  wore  soldered  into  tho  matrix  e.® 
show  in  Photograph  F55.  Before  the  buffer  amplifiers  were 
connected  to  the  matrix,  tho  equivalent  load  roeiataneo  for  tho 
buffer  amplifiers,  was  dotormined  using  the  circuit  of 

Drawing  .£*=30549, 

Tl.  #  s  n  \ 

.  lL<oq/  * 

The  resistance  %(0q)  was  found  to  vary  from  2,880  ohms  at  an  B  of 
5  volte  to  2,770  ohms  at  an  E  of  25  volts.  This  checko  well  with 
the  calculated  value  of  2,700  ohms.  The  measured  resistance  is 
higher  because  the  forward  resistance  of  tho  rectifier®  was 
neglected  In  the  calculation  of  %,(ea)?  end,  tho  measured  resistance 
decreases  with  increasing  voltage  because  the  resistance  of  the 
rectifiers  decreases  with  increasing  forward  current. 

The  2051  buffer  amplifiers  wore  connected  to  the  matrix 
as  shown  in  Drawing  A-'SQoSQ,  The  gride  of  throe  of  the  buffer 
amplifiers  were  connected  to  the  cathodes  and  tho  other  three  gride 
were  connected  to  a  voltage  far  below  cutoff,  Tho  voltages  at  the 
plates  of  the  buffer  amplifiers  and  tho  terminals  of  tho  matrix  are 
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indicated  on  the  drawing.  Tho  voltage  of  the  selected  terminal 
its  -2.7  volts,  Eire  voltage  of  the  non-selected  terminals  ranges 
from  -26.6  to  -24.8  volts.  TheivA$  is  2:3  volts,  which  chocks 
well  with  the  calculated  value  os  20  volte.  The  difference  may  ho 
explained  by  the  fact  that  the  actual  static  plate  resistance  for 
tho  2CSX* d  is  lower  than  that  determined  from  the  published 
character! sties . 

The  previous  two  experiments  verify  tho  atatic  analysis. 

The  next  step  is  to  examine  the  dynamic  analysis. 

Drawing  A- 30551  shows  the  circuit  used  to  check  tho 
dynamic  behavior.  Tho  buffer  amplifiers  are  connected  so  that  the 
application  of  a  positive  rectangular  pulse  and  a  negative 
rectangular  pulse  at  the  indicated  terminals  will  produce  th®  soma 
offoct  ae  setting  all  three  flip-flops  at  the  beginning  of  the 
pulse  and  resetting  nil  tho  flip-flops  at  the  end  of  the  pulse. 

The  advantage  of  using  a  pulse  generator  rather  than  using  throe 
flip-flops  Is  that  much  faster  rise  and  fall  times  may  be  obtained 
from  a  gas-tube  puls©  generator;  the  buffer  amplifiers  may  be 
as eumed  to  switch  on  or  off  instantaneously  and  simultaneously. 

The  block  diagram  of  th®  complete  experiment  is  shorn  in 
Drawing  JU80552.  The  Model  5  Synchroscope  delivers  trigger  pulses 
to  the  pulse  generator  at  a  1000- cp 3  pulse-repetition  frequency. 
Photographs  of  the  negative  and  positive  puleer.  produced  by  tho  pulse 
generator  are  shown  in  Drawing  A-30553.  Tho  waveforms  at  all  eight 
terminals  are  also  shown.  Initially,  terminal  0  is  the  selected 
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tarainal.  Daring  tbs  p..loo«,  terminal  7  ia  oolocted  JOJd  th?  voltr.-ge 
'it  term!  ml  0  drops  to  'ho  normal  non-selccted  volti-g#.  After  :-h% 
pulse,  terminal  0  returns  to  tho  eeloctod  volt  ig©  aud  terminal  ? 
drops  to  the  non-selected  voltage.  The  A  B  ia  20  volts,  or  4.2 
divisions.  rJ?h©  pulse  in  one  aicrosecond  long,  or  12  divisions,,  ihs 
voltage  at  terminal  0  reaches  10  per  cent  of  <j&»B  of  its  final  value 
in  about  0,1  microsecond.  The  transients  at  the  non-fiolected  termi¬ 
nals  subside  at  the  soiio  time.  At  terminal  7,  the  terminal  being 
selected,  tho  voltage  roaches  10  per  cant  of  AS  of  its  final  value 
ir>  0.65/^-s,  a  fair  check  with  tho  calculated  va  of  O.S^te.  However, 
tho  long  portion  of  tho  transient  at  terminal  7  indicates  a  time 
consistent  of  0«35^to»  measured  graphically,  or  an  effective  stent 
capacitance  of  This  must  be  compared  with  the  estimated 

shunt  capacitance.  33»7jifc^if  a  The  difference  may  bo  attributed  to 
the  following  factors?  error  in  the  graphical  moaourenont,  experi¬ 
mental  factors  such  aa  the  additional  capacitance  added  by  the  cc~ 


flection  plateo,  and  an  evrpr  in  tho  original  estimate  of  tho  stent 
capacitance.  The  last  factor  is  believed  to  be  the  roost  important. 
The  discrepancy  is  not  belisvad  to  be  the  fault  of  tho  dynamic  onnly 
sis  because  tho  performance  of  tho  switch  chocks  in  other  respects 
very  well  with  that  empocted.  The  assumption  important  to  the  con¬ 
cept  of  a  shunt  capacitance,  that  the  other  parts  of  the  switch  bo 
considered  at  a  fixed  potential,  ic  soon  to  he  valid;  the  experi¬ 
mental  waveforms  show  no  change  in  voltage  of  toe  other  pares  of 
the  switch  during  tho  long  portion  of  the  transient  at  terminal  /, 
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Flip-flops  were  designed  ?md  added  to  the  matrix  so  that 
it  could  be  operated  as  a  true  switch,  She  circuit  diagram  of  one 
of  the  flip-flops  is  shown  in  Drawing  JW3Q554,  The  drawing  also 
shows  the  method  of  coupling  the  flip-flop  to  tha  buffer  amplifiers. 
The  reset  terminals  of  the  throe  flip-flops  were  tied  to  a  common 
point  so  that  all  three  flip-flops  could  be  reset  by  a  single  pulse. 
Hots  that  the  flip-flop  holds  the  grid  of  an  nonn  buffer  amplifier 
0,6-volt  poaitive  with  respect  to  the  cathode.  The  selected  terminal 
in  this  case  is  at  -4,0  volte  and  the  voltage  of  the  iion-selected 
terminals  ranges  from  -30,3  to  -30,8  volts,  giving  a^B  of  26,3 
volts.  The  switch  tested  is  shown  in  Photographs  F56  and  F53. 

The  block  schematic  for  testing  the  eight-position  switch 
le  shown  in  Drawing  A-30555,  The  arrangement  for  testing  the  switch 
is  also  shown  in  Photograph  F58.  As  before#  the  Model  5  Synchro  scop  a 
is  cynchroniaed  at  a  1000-cps  pulse-repetition  frequency.  Pulses 
from  the  synchroscope  trigger  the  gas-tube  pulse  generator  which 
produces  negative  pulses  0,2 -micro second  long  and  50-volts  amplitude, 
Tha  pulses  are  attenuated  to  8  volts  amplitude  by  the  attenuator, 
shorn  in  the  foreground  of  Photograph  F28,  The  attenuated  pulses  are 
used  to  sot  tho  flip-flops,  Tha  coding  switches,  immediately  above 
the  attenuator  in  the  photograph,  permit  th©  selection  of  any 
terminal,  Tho  attenuated  pulses,  delayed  one  microsecond  by  a  delay 
line,  aloo  reset  the  switch  to  the  zero  position. 

The  waveforms  at  th©  zero  terminal,  a  non-selected  terminal, 
end  the  selected  terminal  are  shown  for  tho  three  basic  typoo  of 


transitions  in  Drawing  /W30556,  The  differences  "between  the  wave¬ 
forms  of  Drawing  A-30553  and  Drawing  A-30556  are  due  to  the  switching 
time  of  the  flip-flops*  corresponding  to  the  time  Interval  to  - 
The  waveforms  have  the  characteristics  predicted  by  the  analysis* 

For  example*  the  temporary  final  value  to  which  the  non-selected 
terminals  charge  is  a  fraction  of  for  the  first  type  of 
transition,  a  larger  fraction  of  ^E  for  the  second  type  of  tran¬ 
sition,  and  the  entire  for  the  third  type  of  transition*  The 
voltage  and  time  scales  are  the  same  as  before,  0*48  volte  per 
division  and  0*12  microsecond  per  division. 
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Introduction 


Shis  paper  reports  doveloomaat  of  a  thirty*™  two 
position  electronic  swifcoh.  A  complete  twitch  Lac  'boon  built  end 
teotod  in  the  Laboratory!  a».dc  although  the  do  algo,  of  the  switch 
hau  not  reached  perfection,  the  switch  operators  somewhat  better 
than  had  been  anticipated,  being  able  to  switch  to  a  selected  lino 
in  slightly  leas  than  0.8  microeeccndo 


A  five-digit  binary  number,  raprausntcd  by  pulses 
on  five  input  lines,  del  ermines  the  output  lino  selection*  Each 
of  these  pulses  io  used  to  eat  a  flip-flop.  The  ton  outputs  of  the 
f.iva  flip-flops  are  eppliod,  through  driver  tubes  to  &  matrix  jnpde 
up  of  tea  vertical  and  thrity«t-vo  horizontal  lines  connected  at 
proper  cross  points  by  germanium  crystal  rectifiers.  Phc  crystals 
are  130  connected  that  for  any  catting  of  the  flip-flops  >nly  one  of 
the  thirty-two  linos  has  no  voltage  on  it.  Thors  are  thirty" two 
possible  combinations  of  the  five  input  pal  bob;  thus,  the  switch 
can  bo  used  to  select  any  one  of  the  thirty- two  output  i.Uioa. 

The  original  do  sign  of  the  thir  ty-two  position 
switch  was  developed  by  X>„  R.„  Brown.  (See  Reference),  That  daoign 
required  that  transmitUng-type  tubes,  such  as  the  838  0:.’  S339,  be 
used  to  drive  the  crystal  matrix,  and  that  1200- oha  load  real  liters 


tawiifiirii-n**  1  iia»  ■■ 
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'bo  used  to  terminate  the  raotrix  output  linae.  Extrapolating  <t«m 
bh©  work  dona  on  an  sight-position  switch,  the  ssr*  seining  ■samso  cu 
the  thirty-two  position  witch,  was  estimated  to  os  ono«-hsI£  _ 
microsecond*  Drawing  D-3Q073  showa  the  oimpli fleet  circuit  sanematAO 


of  tho  final  3^posS.tioR  switch!,  This  circuit  is  similar  oo  i»h© 


original  daoign  with  the  exception  of  the  VD'8  cathode  xoilows* c* 


£&&&&  2aEBA3aESfelflEft 


St  was  decided  that  t3.ie  switch  bs  constructed  oo  mount 
oa  a  (standard  relay  rack*  This  would  X'enlllt&te  testing  end  or 
more  in  line  with  the  probable  final  design.  The  vertical  pano'i 
arrangement  would  also  make  for  batter  cooling  of  the  tubes  by 
convection*  A  roar  view  of  the  twitch  rack  is  shown  la 
Drawing  A--30696» 


Ay  can  bo  aeon  from  the  photographs,  Drawings  A-30GS4 
and  V- 2063 5,  the  crystal  matrix  is  mounted  in  c,  rigid  framework  of 
one-half  Inch  laminated  phenolic*  This  was  done  to  provJ.de  o 
demount  able  rigid  unit,  to  facilitate  placement  and  testing  of  the 
crystal  a*  The  dimension®  of  the  matrix  were  determined  by  tac 

siao  of  tha  panel  and  the  else  of  the  input-  and  output  ircba 
oookota*  'fhe  stray  espsoitnaoe  between  tho  wires  of  the  matrix 
vao  also  considered,  and  eotimatos  using  tho  rawulta  of  the  eight- 
pouitloa  switch  indicated  that  a  matrix  large  enough  to  satisfy 
the  tubes  spacing  would  not  give  too  much  stray  oapuolt sacCo 


The  overall  dim® cions  of  the  matrix  frame  are  fourteen 
inches  wide  by  thirty-two  end  threa-fourths  Inches  high  ^32-3/4" )» 
The  wires  In  the  matrix  are  hare,  fifteen- gauge  tinned  copper* 

Tho  horizontal  wires  ar©  one  inch  apart  which  la  Just  u'oo c.s 
miiy.il arum  Gracing  that  car.  bo  allowed  for  the  tube  sockets ;5  of  tho 
output  niDplifierso  The  wires  of  tha  vertical  pairs  arc  one  Inch 


apart  and  the  pairs  are  spaced  two  and  three  fourths  Inches 
(3-3/4")  between  centers*  Tho  circuit  schematic  of  tho  final 

*  --  -A _ _  A  ^  _ 


Hi: 


atrlx  1 0  shown.  In  Drawing  A»3Q6¥8 


The  matrix  drivarc  are  mounted  directly  below  the  inatrls 
on  tho  panel,  as  is  shown  in  Drawing  jV.30693j  33339  tubes  are  uoad 
for1  tha  drivers  and  sines  tho  plats  connections  of  this  tuba  cemo 
out  of  the  top  of  the  tube,  holes  wore  cut  in  the  panel  through 
which  the  plate  leads  could  b©  connected  to  the  matrix  inputs* 


& 


Below  tha  &rf  -/era  end  on.  a  separate  penol,  the  switching 
flip-flop  Pi  wore  ssouatod*  These  are  shown  in  Drawing  A»30C  93* 


‘1 


(5345 

Jleport  iToc  1^13? 


In  'She  typo  of.  constructi 
v5.rS.ng  appears  on  the  f:c out  of  tha 
accessible. 


.on  uaod,  vtorovar  pa  roll*!© 
panel  whore  it  1«  easily 


V 


»ir  v 


Statig  Moaonyomsni'ifl  of  Matrix 


Before  inserting  1;ho  crystals  in  the  natrljt,  oepocitenos 
measurement a  were  made,  with  input  vires  connected  to  3139  platoo 
and  output  vires  connected,  to  tubeless  socket b»  Cfipacity  measured 
was  that  between  one  wire  and  ground  with  ©XI  other  wires  grounded,, 
The  capacitance  of  a  vertical  wire  Is  twenty**  four  mioromlorofarn&ffl 
and  of  a  horizontal  wires,  nine  ai  oromiorof  avadoe  From  the  a©  teste# 
it  was  found  that  tho  input  wires  should  have  about  half  on'iaoh  of 
clearance  where  they  pass  through  tho  panel,  Tho  a©  oapeelteaceB 
ara  somewhat  higher  than  had  ‘boon  estimated,  bat  they  could  bo 
reduo od  by  using  smaller  wire,  end  cutting  out  tho  portion  of  the 
panel  behind  tho  matrix. 


Propor  operation  of  the  crystal  matrir,  is  dependent  upon 
tho  forward  and  back  resistances  of  the  asystole;  usodo  Tho  do  sign 
q£  tho  matrix  specified  a  forward  resistance  of  loss  than  100  otoe 
and  a  back  resistance  of  more  than  100,000  ohms*  In  order  to 
maintain  these  specifications#  oil  cry  stale  were  tested  and  only 
biwao  surpassing  tho  specification©  were  used*  S fir  mis.  typo  1K34 
crystals  wore  used#  and  tho  details  of  the  characteristics* of 
those  crystals  are  given  in  the  reference  resort.  a-10So 


After  the  crystals  had  boon  Inserted  in  the  matrix#  etatlo 
toots  were  mode  on  tho  matrix  to  determine  the  potential  differonaeo 
to  b®  expected  between  selected  and  tmselected  lino  a  and  to  find 

crystal#  that  might  bo  bad#  Those  tests  wore  made  by  terminating 
tho  output  lines  with  1800  chas  to  ground  and  then  applying  a  common 
negative  voltage  to  one  side  of  each  pair  of  input  liner},  Xa  this 
tent,  various  voltages  wore  ueea#  but  the*  voltefe©  axpootad  in  the 
final  switch  was  to  bo  about  S3  volts#  so  most  of  the  teato  wore 
run  using  a  84-volt  storage  battery  eourco»  Drawing  A-3)6'T8  shews 
the  matrix  connections  used  in  this  teste  By  applying  &  -£40I5  -,olt 
arajjiply  voltage  to  different  sides  of  the  input-  pairs#  ths  seine tod 
terminal  was  found  to  havo  a  voltage  of  about  -3,8  volts  and  the 
unaelocted  terminal  had  s,  voltage  of  about  -33,5  volt©,.  This 
varied  from  «=33e0  volts  at  terminal  Eq„  8  to  -33,9  volts  at 
terminal  2b,  33, 


li  tho  crystals  In  the  matrix  tod  an  infinite  jccIk 
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roolotanco,  than  the  voltage  on  the  solcofced  terminal  would  Ira 
20x0 p  Tho*  finite  back  resistance  of  the  csyatalo  allows  bojro 
current  to  flow  from  tho  selected  output  line  to  ins  unuvr.rg.t z &d 
input  linos  and  then  through  tho  back  real at once  of  tho  crystals 
connected  to  tho  unseleotod  output  lines?  thus  some  voltage 
appears  on  tho  selected  output s ..  if  any  quo  o.i.  tho  crystals  In 
the  matrix  has  a  low  heck  loci stance®  then  any  output  line 
connected  through  crystal  a  to  tho  assuij  input  line  sc  the  Mad 
oryetal  will  have  a  voltage  larger  than  minus  four  volt v  appearing 
on  it  when  selected®  Shore  are  sixteen  orywtaU  cocnacted  to  oaoh 
input  lino;  thus  the  had  crystal  will  ounce  an  Incorrect  selected 
voltage  oil  fifteen  llnoo.  When  the  fifteen  incorrect,  outputs  are 
found,  inspection  of  the  matrix  schematic  will  show  the  bad 
crystals 


In  the  case  observed,  linos  No®  18  to  No®  33  showed  a 
selected  voltage  of  *-5®  8  volts  whereas;  ail  others  wore  --’3*8  volts® 
This  Indicated  a  had  crystal  between  output  No®  X?  and  one  side 
or?  the  dOo  5  input  pair® 

In  the  case  of  an  open«circuit  crystal t  the  line  to  tMoh 
it  is  connected  will  appear  as  si  selected  lino  whan  It  should  not® 
Tho  open-circuit  crystal  in  the  one  connected  to  that-  Input  Hr.® 
which  is  not  connected  through  cry  at  alt;  tc  both  the  true  selected 
output  and  the  false  selected  output.. 


Following  these  teats®  the  3B.39  tubes  wore  wired;  to 
drive  the  matrix®  and  an  attempt  vas  rondo  to  teat  the  w/rst-o m  by 
allowing  one«helf  of  cosh  tube  to  conduct  and  el  sales  off  tho 
other  half®  Mouovar®  no  selected  line  indications  could  be  found 
and  it  was  discovered  that  the  eystem  was  oscillating..  Ro 
Oijcillatione  were  prevented  by  inserting;  a  XCO-o.hm  resistor  in 
each  control-grid  lead  of  the  3553$?* &»  With  the  oothedeu  of  the, 
drivers  connected  to  a  oupply  of  -ISO  volt  a®  on®  aide  of  each 
driver  biased  to  cutoff  and  the  other  side  at  sas'o  bins,  the 
voltage  on  a  selected  lino  was  measured  at  minus  four  volts  and  the 
unselectod  lines  measured  between  minus  twenty*- three  and  jrlaua 
twenty«=four  volt a®  These  measurements  confirmed  the  original 
eotimateo  of  the  operating  points® 


Tho  driver  tubes  operate  with  a  plate  to  cathode  and  a 


screen  to  cathode  voltage  of  ISO  volts®  Whoa  the  tubs  its  conducting 


with  zero  bia®,  the  plats  current  is  approximately  120  ;'aa3  with  & 
plate  voltage  of  133  volte®  and  the  screen  current  in  about  13  ms® 


,*)  dtM.  j  if  I  -'- 


'V'XI'-’iM  ::iHi!ii!,":uT,.l.i  mh„ 
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Under  thoao  conditions  the  plate  diaoipation  in  15  vrtts 
screen  d:las  ip  at  ion  is  8.7  watts.  Tha  manuj.  ao  >,  ure  r  ..,  do  woe  &~vo 
the  natural"' eii^coolod  dissipation  ratings  for  oantinuoue 
operation  of  this  tuts,  hut,  the  internal  Wont  operation  raolsga 
are  40  watt a  and  6  wot to  for  plate  and  oersea  dl cinpatlonB 
respectively  for  tha  two  sections  of  tho  tubs  toge-iner.  •'••a  "“G 
electronic  switch,  only  one  section  of  the  tube  operates  at,  ono 
time,  and  it  would  eaem  that  the  lb  watts  and  h«l  waive  arc  no« 
excessive o  Tha  off  active  pinto  load  of  tho  driver  tubas  is  203 
ohms,  and  the  "cutoff”  bias  required  Is  about  20  volts. 

Tests  were  then  made  using  positive  and  negative  pulsar. 


to  determine  tho  switching  time  of  tho  matrix. 


sc  pul so a 


wore  applied  to  the  grids  of  the  "off1  driver®,  and  negative 
pulses  were  spoiled  to  tho  grids  of  the  '’on"  drivers,  ‘-he  reaulss. 
of  these  tests  showed  a  switching  time  of  well  over  one  ralcroaeooau, 
but  tho  shape  of  the  pulses  available  for  this  toot  vac  poors  go 
little  weight  wan  given  to  these  r© cults.  Since  at  t-Ma  point  the 
construction  of  tho  switching  flip-flops  was  very  nearly  completed, 
tha  pulse  teste  wore  dropped,  end  attoMti.cn  turned  to  completing 
the  flip-flop So 

SwitchiMj:MrrlLcas 

fjjB  Circuit  schematic  for  tho  (switching  flip-flops  is 
shown  in  Drawing  .An 39837—8 c  Thio  flip-flop  1@  oi>oenv~allj  the 
seme  os  tho  standard  circuit  except  that  tho  trigfryrS  ng  tube  is 
biased  below  cutoff  by  a  portion,  of  the  voltage  aorcf,«  the.  cathode 
resistor  of  the  flip-flop  a.  The  voltage  appoaring  totwwa 
cathode  and  ground  ia  about  thirty-two  volts  nrxl.  oieveu  volts  oi 
this  is  used'  to  Mas  the  triggering  tuba,  This  biro  insures 
against  small  triggers  reversing  the  flip-flop,  dro  plot©  signal 
swing  of  tho  flip-flap  is  about  twenty- seven  voltes 

In  the  setup  vised,  the  so  deals  for  all  five  of  the 
flip-flop u  were  mounted  on  one  panel  and  the  friemcats  and  ground 
loads  connect edo  The  components  for  the  indiv.'-duiu  Slip-flop* 
were  mounted  on  separata  special  terminal  boards  and  then  bo'ltsd 
down  over  the  tuba  sockets  and  connected.  Sniff  inouhod  '.<&*•  used,  to 
facilitate  replacement  of  the  flip-flops,  but  it  requires  about 
on  hour  to  change  one,  00  the  method  is  not  recoTcm0.iic.su,  •*• u  m.-. gait, 
bo  better  to  mount  tha  tabo  sockets  on  -The  componeo pane,!  and 
thus  only  seven  connections  would  have  to  be  broker,  and  ?.<.-•  made  xc*j- 
b  replacement.  These  are  supply  voltage,  ground,  set,  reset, 
restorer,  and  the  two  output  loads. 
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'Tha  flip-flops  wove  constOT-otoil  end  touts  ’.ore  run  on 
thaw  to  observe  tho  restoring  operation*  In  the  ro  storing 
operation.*  the  flip-flop  is  triggered  twice  in  quick  sue  on  a  a  ion 
(on©  microsecond)  thus  causing  it  to  rover ne  itaolf  and  then 
return,  or  to  flip  to  ite  other  position  mu.  return*  Tho  purpose 
of  tho  restoring  operation  is  to  allow  a-c  coupling  from  tho 
flip-flops  to  succeeding  at  ages*  At  tho  plate b  of  the  flip-flop 
a  pulse  appeal's  whoa©  length  approximate 9  tho  length  of  the 
restoring  Interval «  The  polarity  of  this  pulso  depends-  upon 
which  position  the  flip-flop  was  in  before  the  triggers  arrlvodo 
These  pulses  can  be  transmitted  through  an  u*g  coupling  circuit 
to  a  clamping  circuit*  During  this  tost  the  flip-flop®  v;or© 
found  to  be  somewhat  imaatisfcotory  in  that  t  in  spite  of  their 
supposedly  identical  construction,  on©  of  tho  flip-Hops  tended 
to"  oscillate  and  ima  not  vary  otabl©<.  This  was  found  to  ho 
caused  by  a  wry  alight  unbalance  in  grid  return  rofftatova  end 
wee  aggravated  by  unmatched  tubes*  Shis  difficulty  vaz  corrected 
by  -tailoring'5  tho  individual  flip-flop 

St,  la  doomed  that  any  flip-flop?;  used  in  a  circuit  of 
this  typo  ha  of  ouch  design  that  any  flip-flop  oonatruotod  of 
standard  parts,  will  operate  in  tho  nem  mamer  an  ?.£il  others 
based  on  tho  asms  design*  The  fast  that  any  flip-flop  mot  bo 
Individually  adjusted  indicates  that  the  dsoiga  is  coiiurshnt  ca¬ 
stable*  A.  now  flip-flop  has  been  designed  alnco,  and  given 
Drawing  Hb»  SB-392V3-3  not  shown  in  this;  report*  Toots,  on  tho 
now  flip-flop  aro  not  ©omplot©* 


^bO92S0Uas 


fhs  flip-flops  arc  a-o  coupled  t?  the  drimrs  though  a 
clamping  circuit/  Drying  A«S066?*  The  clamping  circuit  ©onclnte 
of  a  ?GO-»JBioro)«iorofcr«l  coupling  coadoncor-  from  the  flip-flop 
plate  to  the  driver  grid*  end  &  XH34  cvy.jtsl  from  driver  grid  to 
cathode o  Tho  circuit  is  connected  to  clamp  on  tho  pooitirc  aid© 
of  the  driver  grid  waveform.  thus  tho  grid  receiving  a-  positiva 
pulse  during  tho  restoration  is  i; cutoff'1  for  the  root  of  the  cycle, 
end  the  other  aids  of  that  driver,  receiving  negative  pul so a,  la 
conducting  during  the  roat  of  the  cyolo.  Aoauvilng  the  flip-flop 
to  be  in  the  "aero15  or  '•'cleared'*  position,  then  a  ,s£i»t**  pvlna  will 
invert  tho  output  waveforms  of  tho  flip- flop  and  uhaa  rovcm©  the 
operation  of  tho  corresponding  driver  tuba;  this  uonut.i tubes  a 
switching  operations  A  re  cot  pu3.no  applied  to  tho  flip-flop  £  will 
return  the  system  to  its  original  condition*  Tho  v-slno  of  100 
adcromicrofarado  originally  used  in.  the  coupling  circuit  x:as  found 
to  b©  too  small  to  hold  tha  driver  out  off  for  the  full  ten- 
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microsecond  oomplosaat  period-  A  6B0  nic yowrovox utmt.  capacitor 
w‘ao  addod  to  the  coupling  circuit  and  this  p?r,  'AM  -atifs'cotory 
operation.:  Tide  gave  a  total  veUv?  of  TOO  m  io  :>:o  uri  a  no  x  f  r  ad  o  la 
the  coupling  circuit- 

totdfeiP.EJ'.&.Gia 

She  "block  oohomatlo  of  the  tost  setup  used  in  to  sting 
the  oomploto  switch  Is  shown  in  Brewing  B-2087'M.-In  the 
•test®  no  toggle- switch  storage  vma  used  and  the  follower®  in  the 
driver  circuits  had  not  been  developed-  ^’ho  method  uor-d  la 
testing  the  switch  was  aa  follows  A  on®  mogaoyola  Alcaic  vm 
used  to  generate  pulses  at  ai  P#E»S\>  of  one  raogGoycle;  these  were 
divided  to  100  k.o9  by  a  doe ado  count  or-  From  the  daoed®  count or 
the  pulses  were  sent  through  a  shapo^-emd-peaker  circuit# 

Drawing  A* 30457#  vihloh  put  out  0-35  microsecond  pos'l  tire  pylao-3 
which  ware  inverted  by  a  pulse  tranef oncer -  These  witt'  fad  ink® 
e,  restorer  pulse  generator#  Drawing  Ars3SJ?47«S#  which  produced  two 
pooitiva  puiSv'io,  on®  micro  second  aps-rt#  from  agoh  input  pulse- 
These  double  pul so s  wore  then  applied,  to  the  restorer  terminals  of 
the  switching  flip-flops-  *hao,  the  restoring  operation  took 
place  once  every  ton  ndorooscoudn,. 

The  output  of  the  first  decade  counter  \mi  sIko  appirad 
to  the  Input  of  a  second  decade  counter  whoso  output  was  a 
positive  pulse  with  a  PJL?.  of  10  fc.©.  Thee©  pulses  tore  applied 
to  the  input «  of  two  gate^aadndelsycd^triggor  generators  which 
•produced  -positive  gates  of  variable  width-  .  The  gato  pid'joa  wor® 
differentiated  and  clipped.  Braving  A-. 30674#  bo  obtain  negative 
pul  so  a  occurring  at  the  time  of  fall  of  the  gm®*  varying  ^ae 
width  of  tbs  gates#  the  timing  of  the.  negative  triggers  'Ja*1 
varied  with  respect  to  the  restorer  pulse®  and  with  respect  to  one 
another,.  One  of  the  negative  pulses  was  applied  to  the  reset 
terminals  of  ell  flip-flop n  end  the  other  negative  yalm  -nun 
connected  to  a  coding  "bos  containing  five  suite ns a#  J)r&»A.ii> 
A-30674#  ’ey  means  of  which  the  pulse  could  be  applied  to  anjr  or 
cl?,  of.  tbs  sot  terminals  of  tbef  lip*- flops#  hj  this  -.mas,  the 
flip-flops;  may  "bo  "set81  one®  for  every  tan  restoring  operations 
and  are  always  reset  o nos  in  the  sasaa  psuiod-  This  gives 
period  of  100  microseconds  to  the  test  cycle  -  The  output  of  tno 
second  counter  is  of  the  proper  frequency  to  syachroni r.o  o> 
synchro  scope#  hut  the  additional  .load  on  that  counter  ou'coufc  ic 
enough  to  esnso  tho  gate-and-dolayod—triggsr  gene rauO.cs  bo  stoo^ 
operating-  For  this  reason  a  third  counter  was  used  to  divide  v.ho 
output  of  tho  firat-  counter  for  use  in  synchronising  the  Model  S 
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Synchroscope. 

ffke  remits  of  the  first  operation  tows  show*  that  the 
Batching  time  of  the  owitoh  was  much  too  siowo  •»  the  cow  ° 
jtoh.J  the  thirty- escond  terminals  the  ewitoning  time 

IvTnrnl  tCtooond.  Tha  toouWo  .»  to*  **» 

„  j  thpoiufh  -stray  oapooltaace  to  the  selected  line.  A 
was  coupled  thr  ugh  <  J  „  h  tuboa  that  draw  current 

terminal  l»  oelaoUd  V  cubing  .  ,.hnT^v  ^lawUi* 

through  the  cry  stale  connected  to  that  lino,  ff  ^horeh/  aL-aMM* 

thrvt  line  to  rise  toward  ground  potential  oy  discharging  1<*« 

number  of  tubes  la  the  driver  stage  are  turned  on  ,  VMJ..SH, 
the  voltage  on  all  unsolooted  lines.  -'Mr,  vo.Uago  drcp  ;•* 
oewaoi  tively  coupled  to  the  selected  Ha©  so  that  anortlp  eft«  u' 

.  J  -hoFun  to  rise  it  is  drawn  down  and  than  mot  rise  in  vol 
e°kn.6  in  the  oasis  of  switching  to  the  thirty^s ooond  poiutJ  on* 
fcuu  Maximum  number  of  input  lines  change  voltage  vUa  a  ooneeijuenbl,, 

of  *rW  W«1V  oonpllng  and  too  *%>”£* 

ua  *ha  thirty- second  line  in  enough,  to  in  lug  tno  ro*  ■a,^-  • 

;Lf°f  Z  mJlcm  Us*  l»fo»  n  risoo  to  «.  «.«'■!■  toto!, 

Ths  first  attest  at  improving  the  rise  t-lrac  was  by 
moans  of  inductances  In  series  vdth  the ^output  l»f  re«xCtovs.  W  ^ 
300- and  600-ffllorofo©nry  choke e  were  trica  on  on*  h.^h  **  ' 

that  they  helped  a  little,  hat  when  «s00-m^oroiwn.vrf  olio.-x^ •  yer*  ^ 
connected  to  all  of  the  linos,  very  had  ringing  vmo  uuso^ed.  • 

microhenry  ohokea  were  connected  on  all  oi  to®  o?.tpuW^,hou^  .ud . * 

any  ringing,  hat  the  decrease  in  switching  time  was  Tory  «Ugh,. 

*she  faults  in  the  operation  of  the  switch  it  sjjptar 
tlmt  some  of  push-pull  operation  might  he  flayed  *>  ^0W 

«2 Art.  of  toa  oapinitolj-  couptoi  *Ltog 

IS  Sootod  lSa  only  row  to  a  wto«»  .*  *»  *«,«?*£*  ** 
would  ba  much  hotter  if  it  would  rise  to  cere  potonciri.  o*  ground. 

Tha  Cathode  follower 

Shorn  to  MX  *-S06W  i0  «• 

follow*  circuit  1mm  to  ordost  to  vmeam  to  «.uto  o*  •*»  a-** 
switching  time  mentioned  previously c 

The  scheme  of  the  unit  is  that  it  nhould  pot  out  a 
positive  pulse  on  the  lines  connected  co  tae  pUto^ot  vie  cut  of. 
tubes  at  tha  same  time  that  the  uawantaa  cspacltlvoxy  oo-ipiea  d-op 
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go ciira,,  The  poeitiv©  signal  was  available  in  the  rl$©  o.*.  voltage  on 
the  grid.  of.  tha  opposite  half  of  the  3E29„  All  that  vma  needed  wrh 
to  differentiate  and  delay  that  rise  and  apply  It  to  the  grid  of  the* 
cathode  follower,.  The  7  TO  tabes  would  ope  rate  at  Kero  lilac  and 
therefore  would  draw  a  email  amount  of  zero  signal  current*  St  vac 
hoped  that  'this  current  would  aid  in  raising  the  final  value  of  the 
selected  line  voltage  to  sera  by  cancelling  out  the  stray  current o 
flowing  through  the  selected  line  load  roadster* 

ation  of  the  Complete  Switch 

In  Slgeo  ML43-X  to  7-143*18  of  Drawings  JU30668  to  A- 3067], 
are  shown  the  waveforms  taken  at  various  points  of  the  switch  with  the 
778  oathodo  followers  in  operation  and  an  output  load.,  simulating 
toggle~ switch  storage,  connected  to  the  first  four  output  linos  of 
tha  switch*  The  complete  block  diagram  of  the  setup  need  in  this 
teat  la  shown  in  Drawing  B-30677;  a  simplified  schematic  of  the 
33-position  switch  la  shown  In  Drawing  D« 20672 „  the  detailed  sohomatio 
of  the  switch  output  amplifier  and  storage  input  amplifier  are  shown 
in  Drawing  JU30673,  and  the  schematic  of  the  dead  storage  toggle  switch 
bank  la  shown  In  Drawing  iW3Q675o 
* 

The  Rig  Ho  7-143-1  to  7-14:3=16  inclusive  have  a  horizontal 
scale  of  0„5  ml oro second  per  small  division  trad  e.  vortical  coals  of 
6*2  volt a  par  email  division*  Riga*  7-143-16  to  7-143-18  have  a 
horizontal  eoale  of  0ol  micro second  per  email  divisions  Drawing 
A-30695  shows  the  complete  32-posit ion  switch  and  the  test  equipment* 

Tig*  7-143=1  shows  the  restorer  prison  applied  to  tha 
restorer  terminals  of  ell  of  tha  switching  flip-flops  from  the 
restorer  pulse  generator*  The  so  pulses  era  approximately  0*25  micro¬ 
second  wide  and  25  volte  In  amplitude »  Tha  second  pulse  i«  small or 
than  the  first  because  of  attenuation  in  the  delay  line  on  the  input 
of  the  restorer  pulse  generator* 

Tigs*  7-143=3  and  7-143-3  show  the  sot  and  roast  pulses 
respectively*  The  reason  for  the  poor  shape  of  these  pul a as  is  that 
they  are  driving  the  flip-flops  direct  from  the  differentiating 
network  without  intermediate  amplification;;  however,  they  give  satis- 
factory  operation* 

Tig*  7-143-4  shows  the  waveform  on  the  left  grid  of  the 
driver  V106*  This  waveform  is  the  name  as  that  of  the  plate  of  the 
"zero”  sido  of  tha  first  flip-flop*  The  figure  shows  that  the  left 
section  of  7105  ia  cut  ‘’off 11  following  the  set  pulse  and.  ia  turned 
"on15  again  by  the  reset  pul  as*  Also*  that  section  of  tho  driver  ie 
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turned  ’’off”  during  th©  restoring  period,, 

Flg0  shows  the  waveform  at  the  grid  of  the  left 

section  of  V104,  the  VIS  that  aid®  the  driver  VX05,  fMs  waveform 
Is  obtained  from  the  right  grid  of  V1Q6,  whose  voltage  Is  tha 
Inverse  of  the  waveform  shown  in  Fig*  1^143-*4»  The  sloping  top 
of  the  pulse  is  due  to  dlatributed  cspaclt&uce  of  tha  matrix  being 
charged  through  the  cathode  followers  and  tha  charging  slope  1b 
coupled  to  the  grid  through  the  grld^to-cathode  condenser, 

Hgo  F-143-9  ehowa  tha  plate  of  tha  left  section  of  VX05 
which  Is  also  the  loft  cathode  of  V1Q40  Initially*  the  pulse  risen 
up  to  a  peak,  hut  it  is  pulled  down  by  stray  coupling  to  pinto  linen 
that  are  dropping.  Without  the  VITO  circuit  this  drop  would  continue 
to  slightly  below  the  base  Has  bafora  rifling  again.  With  the  left 
section  of  VX05  cutoff,  the  current  drawn  by  the  left  aaotloa  of 
V104  must  pans  through  the  diodes  la  the  back  direction,  increasing 
the  cathode  to  ground  res3.Bta.nce  of  the  7F8*  The  eloping  top  oc;  th© 
Dvdses  in  Slg«  F-143-9  is  due  to  the  distributed  capacitance  of  th®  • 
matrix  being  charged  through  the  cathode  followers* 

Fig,  2*'"143-8  ie  the  waveform  at  the  plate  of  the  right 
section  of  V105,  This  waveform  le  opposite  in  polarity  to  that  of 
Fig,  JV.143^9  and  the  elope  of  matrix  charging  curve  i«  clearly  whom* 

Jig,  F~143»6  shows  the  waveform  at  output  terminal  Ho,  33 
whan  it  is  the  selected  terminal 0  The  rise  time  of  the  terminal  io 
longer  than  that  of  any  of  the  other  terminals  since  the  maximum 
amount  of  change  has  to  taka  place  in  order  to  switch  from  terminal 
lb«  1  to  33 o  la  2lg«  3f«143-‘6t  the  heavy  hcrlsontal  grid  Hue 
represents  aero  voltage  and  the  picture  shows  that  the  waveform  is 
clipped  above  aero*  This  waveform  ie  a  clipped  version  of  Fig, 

F~143-»fi, 

* 

During  the  restoring  period  the  switch  le.  switched  from 
13.no  No*  1  to  Lino  No®  3.3?,  thus,  lino  No*  33  become*  a  selected  lino 
for  the  duration  of  the  restoring  period*  A  positive  pulse  should 
appear  on  line  33,  and  a  negative  pula®  ©a  lino  1  during  the 
restoring  period*  but  no  change  should  occur  on  any  of  the  other 
lines,  Whoa  the  flip~flope  are  triggered  on  the  cathode  sc  with  the 
restorer  pulses,  both  tubes  are  turned  “off"  for  the  duration.  of  the 
trigger  before  they  “flip**,  This  means  that  th®  rioffw  driver  tub® 
is  now  turned  “on1*  before  the  ”onB  tube  ia  turned  "off" *  Consequently, 
the  7F8  cathode  follower©  are  pulsed  too  soon  and  their  effect  is 
not  felt  on  th©  plate  of  the  drivers  because  the  drivers  ore  at 1X1 
conducting.,  When  the  proper  driver  tubes  era  cutoff ,  the  selected 
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line  (line  ¥o»  -33)  rises  in  voltage  at  the  rat©  detorwincd.  o'f  the 
t^n©  constant  of  the  circuit  unaided  Toy  the  pulsed  r-ue 

effect  Is  shown  In  Fig*  JM.43-6,  where  tho  right-hand  pulse  shows 
the  line  being  selected  during  the  restoring  period*  %  raduoiag 
the  nraplltude  of  the  restorer  pulse o  to  tho  mlnlurua  amplitude  pro¬ 
viding  satisfactory  operation,  the  flip-flop  twitching  time  is  ^ 
inoreaeod  and  the  restoring  period  pulco  on  line  32  can  b©  nrnne  oo 
have  a  fast  rise  and  a  flat  top*  On  all  output  lines  except 
Ho*5®  1  and  32,  Email  positive  transient  pul bos  appear  at  the 
beginning  and  ond  of  the  restoring  period*  This  la  shorn  la  wavs* 
forms  Figs*  1-143-7  and  F-143— 10 * 

F3g*  S«143»7  shows  the  waveform  at  output  lift©  Ho*  31 
during  the  time'  lino  No*  32  is  selected*  This  waveform  fihows  the 
positive  peaks  that  appear  on  uneelected  lines  due  to  tho  fact  that 
the  "on"  drivara  cure  always  turned  "off11  ©lightly  before  tha  "off 
drivers  are  turned  "on11  when  tho  flip— flop©  arc  triggered  on  ab.<> 
grids*  Thte  delay  is  aausod  by  rice  time  of  the  driver  grid  signal 
In  the  region  where  the  tube  is  cutoff* 

Fig*  F-143-1Q  shown  tho  selection  of  lino  Ho*  4*  Only 
two  flip-flops  have  to  bo  switched  to  seleot  this  lino,  and^theralcro 
the  switching  time  ia  slightly  Iona  than  for  lino  Mo.  33*  Fig®* 
F-143-16  and  F-143-17  show  expanded  views  of  tho  selection  of  linso 
Mos*  32  and  4  respectively* 

Fig*  F-143-11  shown  the  output  of  Ho*  4  output  amplifier. 
V604  during  tb.8  ti mo  No<>  4  lino  to  0©l80t©do  nelect/ion  ox  br 

output  turns  "on”  tho  associated  output  amplifier  time  producing 
a  negative  pulse  for  the  duration  of  tho  (30"J.<scoioi\* 

Th©  construction  of  tho  switch  require®  i-hnu  lj.no  ho*  1 
normally  be  oeleoted  except  during  a  restoring  operation  or  during 
the  period  in  which  tha  switch  is  used  to  moment orily  select  another 
line*  This  moans  that  tho  Eo*  1  output  amplifier  operates  "cm”  most 
of  tho  tiniOo  In  the  teat  setup*  all  output,  amplifiers  are  identical, 
using  screen  dropping  ra  si  si  or  ft  and  screen,  by— pas©  condensers,  ?vnd 
thorofora,  the  No*  1  amplifier  operate,*;  with  a  lower  average  Bowen  • 
volt  age  and  nuts  out  much  smaller  amplitude  puls  as*  n  the  jinal  ^ 

switch  design  the  Ho*  1  amplifier  will  have  to  bo  designed  to  operate 
continuously  and  give  an  output  equal  in  amplitude  to  the  ovhor 
amplifiers* 

Fig*  F-X43-13  shows  the  output  of  the  Ho*  X  output 
amplifier  during  the  selection  of  lino  Ho*  4*  during  the  selection^ 
of  Ho*  4  and  during  the  restoring  operation,  line  No*  1  becomes 
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unfldectod,  hence  the  negative  voltage,,  indicating  fioleotloc.c 
rises  indicating  non-eelaotiorio 

jrigo  jS'-1'13’13  shows  the  voltage  waveform  at  tha  input  to 
toggle-,  switch  Qtorsg©  rsgtetar  No.,  4  during  the  c  el  cation.  of  uwitch 
cutout  Mo*  4o  'Ms  1®  also  tho  output  of  the  storage  lrput 
aaplifier,  Drawing  A» 30673*  Dead  storage  in  thin  teat  vno  simulated 
•by  only  four*  16-digit,  registers  mad®  up  of  toggle  switches  ehd  . 
ary  at  a!  s  ao  is  shown  in  Drawing  ^30676.  The  cause  of  the  ringing 
appearing  in  Rig*  V-143-13  was  Inter  found  to  bo  duo  to  a  poor 
ground  connection  between  the  storage  parrol  and  the  synchroscope* 

pj.g0  3t.143-.14  chows  tho  voltage  waveform  at  the  output  of 
one  digit  column  of  the  storage  rogi store  during  the  e elect ion  of 
Register  Ho*  4  end  with  all  stooge  switches  In.  th/M’orf  position* 

An  expanded  vim  of  this  waveform  in  shown  in  Riga  R~X43«l:i«.  This 
waveform  tl.ee 8  not  have  tha  amplitude  of  the  waveform  of  M.g*  X«"143m13 
because  the.)  portion  below  ground  has  bo&a  clipped  off*  Careful 
design  of  tho  storage  input  amplifiers  to  make  tho  lower  level  of 
the  plate  voltage  aero*  and  a  damping  circuit  in  tho  grid  to  clamp 
tho  top  of  the  input  waveform  at  cathode  potential  of  the  amplifier 
will  give  a  larger  storage  output  pulse* 

jiigo  3WL43-X5  shows  the  output  of  tho  same  digit  column 
as  in  Jig,  3P«143"16,  but  tilth  the  toggle  awitoK  representing  that 
digit  in.  Register  Ho*  4  turned  off,,  and  all  other  {storage  #?itohea 
closed*  Tht  small  pu3.se  that  la  present  its  due  to  tha  input  pulse 
mq  register  No*  4  passing  through  .oil  of  the  closed  digit  switches 
to  tho  digit  output  columns*  Shea,  p ageing  through  the  book 
real  stance  of  the  isolating  ory  stale  to  the  input  terminal  a  of  tho 
other  registers*  tho  pulse  eppeara  on  the  digit  column  osing  observed* 

]Turth©r  Work  to  be  Done  on  tha  Switch 

Tho  present  model  of  tho  -position  eloctroaio  switolj 
has  proved  that  such  a  switch  ia  feasible  and  can  be  .made  to  work 
with  a  switching  time  of  leas  then  two  tenths  of  u,  micro  second* 

The  remainder  of  bhs  work  to  be  dons  on  tho  switch  consists  mainly 
in  modifications  and  refinements  of  the  present  circuits  fox  more 
efficient  operation*  The  component  o  flooding  investigation  end 
modification  arc  the  7FQ  cathode,  follow©).*  circuit;),  the  output 
osnolifiers,  and  the  at  or  age  input  amplifiers*  Those  three  circuits 


were  not  designed  for  efficient  operation,  oxo,  mereijr 


to  test  the 


ef foots  of  such  circuits*  The  circuits  apparently  perform  their 


J 
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assigned  functions  and  therefore  warrant  marc  do tail  *4  study. 

The*  7S8  circuit  0  have.  two  functions  aw  pravlounly 
mentioned,,  to  cancel  t-ho  ctray  capacitive!;/  coupled  volt agon  end 
to  provldo  a  highor  voltage  to  off  act  the  vim  of  fcl\s  selected 
term  Inal  c  By  removing  the  ?Fflfl  is  ontiroly  from  tho  circuit  and 
connecting  47K  re si  store  from  +150  volts  to  tho  plate  a  of  all 
driver  tiiben,  tho  riaa  time  of  the  switch!  sis,':  signal  in  considerably 
increased,  hut  tho  drop  occurring'  alt  or  the  Initial  rise  is  enough 
to  bring  the  volt eg a  hack  dovn  to  tha  unseXeated  level  before 
rising  agaln=,  Tho  switching  time  with  ouch  a  circuit  is  0,5  mioro» 
second  as  compared  to  the  original  one  microsecond,  f hi a  indicates 
that  the  7F8 8 0  actually  do  oppose  the  unwanted  drop,,  '..''ho  photo¬ 
graphs  chow  that  tha  grid  of  the  7F8  never  goes  positive  with 
respect  to  the  cathode;  therefore,  the  73P0  tubes  do  not  draw  more 
than  the  zero  bias  current  of  about  18  ralllisnperasc,  This  is  a 
plate  dissipation  of  about,  1,8  watt®  whereas  the  tub®  la  rated  at 
1,75  watts  per  section.  In  tho  final  doaifjn,  all  ' tubes  nhould 
operate  at  half  rating  and  thin  will  require  that  a  larger  tub®  than 
tho  73)’8  be  used.  However,  tho  zero  grid  current  of  such  ;x  tuba  must 
bo  about  that,  of  the  7F9,  or  during  the  period  for  which  the  driver 
1b  off  tho  voltage  may  rice  high  enough  to  exceed  the  back  voltage 
of  the  crystal B,  With  the  7E8  circuit  it  is  estimated  from 
Eig<,  F«143«8  that  the  maximum  back  voltage  occurring  acre  ns  tbs 
crystals  Is  about  SO  volts. 


The  owltoh  output  amplifiers  roumt  bo  decided  cn  «s  to 
allow  tho  maximum  length  of  pulse  expected  to  bo  coupled  to  j bo ruga 
ond,  as  mentioned  previously,  tho  pjnpllfi e.r  of  13.no  Ho,  1  must  . 
operato  at  c.  dury  cycle  of  about  ninety  pez  cent.  The  storage 
input  Amplifiers  should  be  changed  to  insure  mexlv  ran  anoui.t  if  signal, 
applied  to  storage,  and  the  grid,  circuit ?•  should  ie  clarnpod. 
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